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ABSTRACT
Gastropods and bivalve associations from the middle and ?upper Eocene (Bartonian and ?Priabonian) 
sedimentary succession of the Pamplona Basin are described. This succession was accumulated in the 
western part of the South Pyrenean peripheral foreland basin and extends from deep marine turbiditic 
(Ezkaba Sandstone Formation) to deltaic (Pamplona Marl, Ardanatz Sandstone and Ilundain Marl 
formations) and marginal marine deposits (Gendulain Formation). Fossils are generally fragmentary 
and many correspond to remains that have undergone taphonomic reworking. Significant effects of 
diagenesis are also detected, with evidence of compression or deformation, dissolution, aragonite-
calcite neomorfism and cementation by celestite. Bioerosion traces and fossil encrusters are common. 
Fossils of 37 taxa, 25 gastropods and 12 bivalves, have been identified confidently. The number of 
species is probably considerably higher, as the study of some fossils, mainly the most small-sized 
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species, is pending. One new species, Athleta (Volutospina) delvallei Astibia, Merle & Pacaud, n. sp. 
(Gastropoda, Volutidae), is described herein. Fossil assemblages are comparable to those from the Eo-
cene of the Basque Coast (North Pyrenean area) and Aragon and Catalonia (west-central and eastern 
part of South Pyrenean area). Most of the mollusc taxa seem to be endemic to the Pyrenean area, but 
several Tethyan and Northern elements have also been recorded. These results enlarge the database 
for a better understanding of the evolution of global marine biodiversity throughout the Eocene.

RÉSUMÉ
Gastéropodes et bivalves des formations marneuses de l’Éocène du Bassin de Pampelune et de ses environs 
(Navarre, Pyrénées occidentales).
Les associations de gastéropodes et de bivalves de la succession sédimentaire de l’Éocène moyen 
et ?supérieur (Bartonien et ?Priabonien) du Bassin de Pampelune sont décrites. Cette succession 
s’est accumulée dans la partie occidentale du bassin d’avant-pays périphérique sud-pyrénéen et 
comprend des dépôts marins turbiditiques profonds (Formation des Grès d’Ezkaba) des dépôts 
deltaïques (formations des Marnes de Pampelune, des Grès d’Ardanatz et des Marnes d’Ilundain) et 
des dépôts marins marginaux (Formation Gendulain). Les fossiles sont généralement fragmentaires 
et beaucoup d’entre eux correspondent à des restes remaniés. Des effets significatifs de la diagénèse 
sont également détectés, avec des signes de compression ou de déformation, de dissolution, de néo-
morphisme aragonite-calcite et de cimentation par célestine. Les traces de bioérosion et les fossiles 
d’organismes incrustants sont fréquents. Les restes fossiles de 37 espèces, dont 25 correspondant à 
des gastéropodes et 12 à des bivalves, ont été identifiés. Ce nombre pourrait être considérablement 
plus élevé, grâce à l’étude de très petites espèces (micro-mollusques) qui reste à faire. Une nouvelle 
espèce, Athleta (Volutospina) delvallei Astibia, Merle & Pacaud, n. sp. (Gastropoda, Volutidae), est 
décrite ici. Les associations fossiles sont comparables à celles de l’Éocène de la côte basque (Région 
nord-pyrénéenne), d’Aragon et de la Catalogne (parties centre-ouest et est de la Région sud-pyré-
néenne). La plupart des taxons de mollusques semble être endémique à la Région pyrénéenne, mais 
plusieurs éléments téthysiens et du Nord de l’Europe ont également été enregistrés. Ces résultats 
élargissent la base de données au vu d’une meilleure compréhension de l’évolution de la biodiversité 
marine mondiale tout au long de l’Éocène.

INTRODUCTION

During the Eocene the West Tethyan region was a marine 
biodiversity hotspot (Renema et al. 2008). In the Northern 
Atlantic area, the middle Eocene (particularly during the 
Lutetian) marine fauna of the Paris Basin showed an extraor-
dinary biodiversity, particularly regarding the molluscs, and 
can consequently be regarded as an extension of the West 
Tethyan hotspot (Merle 2008; Merle et al. 2008; Huyghe 
et al. 2012). In fact, Merle (2008, 2009) indicated the pres-
ence of species of Tethyan origin in the Paris Basin, which 
contributed to enrich the biodiversity of this region. During 
the Priabonian the biodiversity decreased significantly in both 
sides of the Atlantic Ocean (Hansen 1988; Lozouet 1997; 
Huyghe et al. 2012).

During the Eocene, the Pyrenean area constituted a tran-
sitional zone between the Tethyan and Northern Atlantic 
domains. However, the Pyrenean middle/late Eocene mollusc 
faunas are still relatively poorly documented. In the North 
Pyrenean area, the classic works by d’Archiac (1846, 1850), 
Bouillé (1873, 1876), Boussac (1911) and Cossmann (1921) 
on the molluscs from the “Nummulitic” of the Basque coast 
and Aquitaine have hardly been updated. More recent stud-
ies on Eocene molluscs have been carried out in Aragon and 
Catalonia (South Pyrenean area), such as those by Villalta 

Comella (1956), De Renzi (1971, 1996), Abad (2001), Pis-
era & Busquets (2002), Dominici & Kowalke (2007, 2014) 
and Tomašových et al. (2014), among others.

Regarding the western Pyrenees, the first palaeontological data 
from the Pamplona Basin and surrounding areas came from 
French geologist Carez (1881). He reported the occurrence of 
extensive marl units, which he referred to as “marls of Serpula 
spirulaea”, and mentioned the abundance of a small bivalve, 
which he named Plicatula pamplonensis (Dimya pamplonensis 
(Carez, 1881) n. comb., Calzada & Astibia 1996). Marquina 
(1908) worked on Eocene strata in Navarre, presented the 
demarcation of the nummulitic zones and cited the presence of 
fossil stems of “Pentacrinus” and Plicatula pamplonensis in the 
marls of the Pamplona Basin. Later, Ruiz de Gaona (1947), 
Mendizábal & Ruiz de Gaona (1949), and Ruiz de Gaona & 
Colom (1950) described the foraminiferal content of these 
marls, suggested a Bartonian age, and mentioned the occurrence 
of rich macrofossil associations in some localities around the 
city of Pamplona. Local micropaleontological determinations 
were provided later by Puigdefábregas (1975) and Alameda 
et al. (1993). More recently, macropaleontological works on 
the bivalve Dimya pamplonensis n. comb. (Calzada & Astibia 
1996), turtles and sirenians (Astibia et al. 1999, 2005, 2006), 
sponges and corals (Astibia et al. 2014), brachiopods (Bitner 
et al. 2016), and trace fossils (Payros et al. 2000; Astibia et al. 
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2007, 2017) have been published. In this paper we present 
our first results on the gastropods and bivalves represented in 
the fossil associations of the Pamplona basin and neighbour-
ing areas. Medium and large-sized species, alongside some 
smaller species, are herein reported, whereas the study of most 
small-sized species is pending. Most of the molluscs seem to 
be endemic to the Pyrenean area, although several species 

from the Tethyan (Italy and Alps) and Northern (Paris Basin 
and Normandy) domains have also been recorded (Astibia 
et al. 2016), thus confirming the role of the Pyrenean area 
in connecting the two domains. The results exposed herein 
will further contribute to enlarge the database for a better 
understanding of faunal gradients and the evolution of global 
marine biodiversity throughout the Eocene.
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LOCATION, MATERIAL AND METHODS

The study area is located in the central part of Navarre, in the 
South-western Pyrenees (Fig. 1). During the Eocene, the South 
Pyrenean zone was a NW-trending foreland basin, located adja-
cent to the south of an uplifting orogen. For most of the Eocene 
it constituted a narrow gulf entering from the Bay of Biscay at 
approximately 35°N palaeolatitude. Eventually, sediments derived 
from the uplifting and denuding Pyrenees filled the basin. By 
middle-late Eocene (Bartonian-Priabonian) times fluviodeltaic 
sedimentary systems were widespread throughout the foreland 
basin (Plaziat 1981; Pujalte et al. 2002; Barnolas et al. 2004). 

This evolution is well recorded in the central part of Navarre 
by alternating marly and sandy lithostratigraphic units (Fig. 1). 
The lower part of this succession is represented by the Bartonian 
Ezkaba Sandstone Formation, a channel-levee turbidite system 
fed directly from the uplifting orogen to the north (Payros et al. 
1997). The overlying Pamplona Marl, Ardanatz Sandstone and 
Ilundain Marl formations mainly represent prodelta, delta front 
and restricted platform paleoenvironments, respectively (Asti-
bia et al. 2005, 2014). Finally, the Late Eocene (Priabonian) 
Gendulain Formation is composed of coastal deposits (Puig-
defábregas 1975; Payros et al. 2000). The latter unit contains 
the youngest deposits with marine influence in the region. 

The abundant micropaleontological content of these deposits is 
dominated by foraminifera, but ostracods are also common. Body 
macrofossils are locally abundant in the Ardanatz Sandstone and 

Ilundain Marl formations. The macrofauna is mainly represented 
by macroforaminifera, hexactinellid and lithistid sponges, sclerac-
tinian corals, bryozoans, brachiopods, tube-dwelling polychaetes, 
molluscs (gastropods, bivalves, cephalopods and scaphopods), 
arthropods (crustaceans), echinoderms (crinoid stalk fragments, 
plates – ossicles – of asteroids, and spines and test fragments of 
echinoids), shark teeth, turtle plates as well as sirenian vertebrae 
and ribs (Calzada & Astibia 1996; Astibia et al. 1999, 2005, 
2006, 2014, 2016; Buffrénil et al. 2008; Bitner et al. 2016).

The mollusc fossils studied herein were collected from several 
outcrops, few kilometers from the city of Pamplona, which 
expose: 1) the upper part of the Pamplona Marl Formation 
(mainly in the surroundings of Egues; EG1, AZ1, IZ1 sections); 
2) the transition between the Pamplona Marl Formation and 
the Ardanatz Sandstone Formation (near the town of Badoz-
tain; BD1 section); 3) the Ardanatz Sandstone Formation or, 
more precisely, its transition into the overlying Ilundain Marl 
Formation (Ardanatz-Eguesibar, Aranguren and other locali-
ties; TR1, ZB1, AD1-AD6, AG1 sections); 4) the lower part 
of the Ilundain Marl Formation, approximately 100 m above 
its base (near the town of Arraitza; ARR1 section); and 5) the 
uppermost part of the Ilundain Marl Formation (three locali-
ties of the Itzagaondoa Valley; IV section) (Figs 1, 2). Precise 
location of the outcrops is deliberately omitted with the aim 
of protecting the fossil sites, in accordance with Natural and 
Cultural Heritage legislation. However, further details can be 
obtained from the corresponding author.
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fig. 3. — Taphonomic features, bioerosion borings and encrusters on fossil molluscs from the Eocene (Bartonian-?Priabonian) marly formations of the Pamplona 
Basin and surrounding areas (Navarre, western Pyrenees): A, field image of reworked fragmentary specimens of the bivalve Chlamys Röding, 1798 in a sandstone 
bed of the Ardanatz-Eguesibar AD3 section; B, evidence of taphonomic smoothing, fragmentation and dissolution in a sample from the Ardanatz-Eguesibar AD2 
section; C, field image showing fragmentation in a specimen of Spondylus cf. caldesensis Carez, 1881 in the Ardanatz-Eguesibar AD5 section; D, probably clionid 
sponge borings (Entobia Bronn, 1838) on a specimen (AD.17) of Nihonia aff. transversaria (Lamarck, 1804) n. comb. from the Ardanatz-Eguesibar AD sections (section 
and level unknown); E, bryozoan borings (Pinaceocladichnus Mayoral, 1988) on a specimen (AD2.2.1) of Nihonia aff. transversaria (Lamarck, 1804) n. comb. from the 
Ardanatz-Eguesibar AD2 section; F, boring, probably made by predatory gastropods (Oichnus Bromley, 1981), on a shell (IV.14) of Chama pellati Boussac, 1911 from 
the Itzagaondoa Valley IV section; G, Borings, probably made by polychaetes (?Caulostrepsis Clarke, 1908), and encrusting bryozoans, polychaetes and bivalves on a 
valve (AD.18) of Spondylus cisalpinus Brongniart, 1823 (ecomorph bifrons) from the Ardanatz-Eguesibar AD section (precise section and level unknown); H, Encrusting 
bryozoans on a specimen of Athleta (Volutospina) delvallei Astibia, Merle & Pacaud, n. sp. (AD2.1.5) from the Ardanatz-Eguesibar AD2 section. Scale bars: 10 mm.
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All fossils were cleaned with potassium hydroxide (90%, 
flakes QP) and photographed after being covered with ammo-
nium chlorure. A selection of 17 thin sections of fossil gas-
tropods and bivalves was prepared for standard transmitted 
light petrography, cathodoluminiscence (CL) and carbonate 
staining with alizarin red S and potassium ferricyanide (fol-
lowing Dickson 1965). The mineralogy of 5 samples was 
analyzed by X-ray diffraction (XRD).

The classification and nomenclator of Gastropoda families 
of Bouchet et al. (2005) has been followed for taxonomy. 
The classification of Carter et al. (2011) and the glossary of 
Carter et al. (2012) were used for the Bivalvia. The taxonomy 
of the studied specimens is detailed below in the Systematic 
Palaeontology section. All fossils are provisionally deposited 
in the Department of Stratigraphy and Palaeontology of the 
University of the Basque Country (Universidad del País Vasco/
Euskal Herriko Unibertsitatea, UPV/EHU).

AbbreviAtions

Institutions
UPV/EHU  Universidad del País Vasco/Euskal Herriko Unibert-

sitatea;
MNHN.F  Muséum national d’Histoire naturelle, Collection de 

Paléontologie, Paris. 

Gastropods
H heigth;
W width.

Bivalves
H heigth, umbo-pallial diameter;
L length, antero-posterior diameter;
W thickness;
min minimum value;
 mean value;
max maximum value;
n number of measured specimens.
All measurements are in millimeters. Numbers in parentheses 
indicate approximate measures, due to the fragmentary nature 
of many of fossils.

TAPHONOMY

biostrAtinomic And reworking processes

The Bartonian succession of the study area is very rich in micro-
fossils, but generally lacks macrofossils, only locally abundant. 
Macrofossils associated with siliciclastics, i.e., sandstone beds 
and silty and sandy marls, generally have poor preservation and 
correspond to remains that underwent taphonomic reworking 
(resedimentation and/or reelaboration, sensu Fernández López 
2000). Such is the case of many disjointed and fragmentary 

specimens of the bivalve Chlamys found in sandstone beds 
(Fig. 3A), as well as of Cerithioidea and other gastropods in 
sandy marls from Ardanatz-Eguesibar and Aranguren (Ardanatz 
Sandstone), which commonly lost their protoconch, aperture 
and early whorls, or are broken (disarticulation, smoothing 
and fragmentation processes) (Fig. 3B).

Fossils included in marls, such as the silty marls of the 
Ardanatz Sandstone and Ilundain Marl formations, despite 
generally being fractured (fossil diagenetic fragmentation), 
frequently correspond to entire specimens and hardly show 
signs of abrasion. Examples include sponges and erected bryo-
zoans (Astibia et al. 2014), along with probably reclined, semi-
infaunal bivalves, such as Spondylus and Pycnodonte (Fig. 3C). 
We can assume that they corresponded to demic organisms 
whose remains suffered little, if any, taphonomic reworking.

In addition, many fossil shells show signs of bioerosion, 
especially borings of sponges (Entobia isp.), bryozoans (Pina-
ceocladichnus isp.) and polychaetes (Caulostrepsis?) (Fig. 3D, 
E, G) and holes (praedichnia of gastropods, Oichnus isp.) 
(Figs 3F; 13N). Sessile encrusters (mainly bryozoans and 
polychaetes) epizoozoans (sensu Taylor & Wilson 2003), both 
in living and in dead hosts, are common (Figs 3G, H; 11C). 

microstructure And fossil-diAgenetic processes 
Fossil-diagenetic processes in gastropod and bivalves shells here 
under study included compression or deformation, fragmen-
tation, dissolution (e.g. Figs 3A-C; 7; 8G), aragonite-calcite 
neomorphism or, in some cases, cementation by celestite. 
Fossil gastropods belonging to the species Ptychocerithium 
baylei (Tournouër, 1874) n. comb. collected in the Ardanatz 
Sandstone (AD1 section, levels AD1.3 and AD1.4; AG1 sec-
tion, level AG1.3, Figs 1; 2) were studied in thin section and 
show the original structures affected by diagenesis.

The longitudinal sections of Ptychocerithium shells show evidence 
of neomorphism processes with an intense development of large 
crystals of equant calcite (ca). However, trace-ghost remains of 
the original aragonitic crossed lamellar structure are still preserved 
with a brown pseudo-pleochroism (Fig. 4A, B). A strong early 
compression, which fragmented the shells into large pieces, with 
a greater presence of the original aragonitic microstructure, is 
also evident. Early cementation by large crystals of celestite (ce) 
in the body cavity is dominant (Fig. 4C, D), filling all the empty 
spaces, as shown by the absence of sediment. In detail, celestite 
crystals display straight exfoliation planes, without bending, but 
are broken as a consequence of their fragility (Fig. 4E, F). When 
the gastropod body spaces were occupied by detrital sediment 
and peloidal micrite, neomorphic processes also advanced into 
the sediment, affecting the structure of the shell, with a strong 
development of equant calcite crystals (Fig. 4G, H).

Celestite commonly forms as a result of rapid decomposition 
of organic matter in a dysoxic microenvironment, which pro-

fig. 4. — Photomicrographs of thin-sections of Ptychocerithium baylei (Tournouër, 1874) n. comb. fossil shells from the transition between the Eocene (Bartonian-
?Priabonian) Ardanatz Sandstone and Ilundain Marl formations (Navarre, AD1 and AG1 sections), showing different structures affected by diagenesis: A, longitudinal 
thin-section of specimen AG1.4.5 (parallel nicols), showing traces-ghosts of the original aragonitic crossed lamellar structure preserved as dark traces inside the 
neoformed big crystals of equant calcite (ca). The shell cavity is filled with fine sediment (s) containing abundant terrigenous fragments, the distribution of which 
adapts to the curvature of the shell; B, same as A with crossed nicols, showing a very thin generation of small crystals and neoformed big crystals of calcite in 
the inner shell layer; C, specimen AD1.3.1 (parallel nicols), illustrating the area of shell compaction and breakage of the structure organized in different layers; 
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independent fragments are supported by big celestite crystals (ce) with no deformation, which shows that celestite cementation was after compaction; D, same 
as C with crossed nicols. Full cementation of the shell cavity by celestite crystals, no sediment being involved; E, specimen AD1.3.2 (parallel nicols), detail of the 
shell cavity cemented by big celestite crystals (ce); shell fragments with a foliated structure are supported by celestite crystals; F, same as E with crossed nicols. 
Celestite exfoliation (cleavage) planes present right angles, without bending, but are broken; G, general view of specimen AD1.4.1 (parallel nicols). Traces-ghosts 
of the original aragonitic crossed lamellar structure are preserved as dark traces within neoformed, big equant calcite crystals (ca), showing pseudo-pleochroism 
from colourless to brownish; H, same as G with crossed nicols. Scale bars: A-D, F-H: 1 mm; E, 0.5 mm.
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duces hydrogen sulfide. The latter can be oxidized to sulphate 
by subsequent bacterial sulfoxidation. This sulphate produces 
celestite when combined with mobile strontium, which is 
released either from aragonite-to-calcite neomorphism (Taberner 
et al. 2002) or from other processes, such as decomposition 
of inherited sheet silicate minerals of continental origin with 
a decrease-acidification of the pH (Baker & Bloomer 1988).

Diagenetic processes affecting fossil bivalves of the species 
Spondylus cisalpinus Brongniart, 1823 (Ardanatz Sandstone, 
AG1 section, level AG1.4; Ilundain Marl Formation, IV sec-
tion, Figs 1; 2), and Pycnodonte brongniarti (Bronn, 1831) 
(Ilundain Marl Formation, IV section, Fig. 1) were also 
studied in thin section. 

Longitudinal sections of Spondylus observed with parallel 
nicols show an inner shell layer characterized by a fibrous 
prismatic structure (FP) with a great development of thin and 
elongated prisms, initially composed of aragonite according 
to Bøggild (1930: 269), slightly bent (Fig. 5A). The calcitic 
crossed foliated structure (CF) is visible as the outer shell 
layer, but it is less developed and lacks apparent continuity 
with the FP structure. Spines protrude from the outer shell 
layer in all Spondylus, consisting of pillars with crossed foli-
ated (CF) structure. The original structure of the middle layer, 
belonging to the miostracum (?), was partially masked by the 
FP structure. Finally, the CF structure is commonly covered 
with a thin layer of micritic carbonate residues (cr) (Fig. 5A). 
When observed under crossed nicols, evidence of diagenetic 
alteration is clear, as the original aragonite prisms of the FP 
structure are neomorphized and generate large calcite crystals 
with different orientations (Fig. 5B).

In some samples, the middle shell layer (miostracum?), ini-
tially with aragonitic nacreous structure (n) and characterized 
by its brown tones, has been well preserved, despite being 
neomorphized during diagenesis (Fig. 5C). The FP structure 
presents large calcite crystals and preserves small remnants 
of modified thin prisms. However, the CF structure seems 
to have been less sensitive to diagenetic alteration and shows 
signs of non-transformation (Fig. 5D).

Under cathodoluminescence, both CF and FP structures 
respond with dull luminescence, whereas micritic carbonate 
residues (cr), show more intense red luminescence. The lack 
of luminescent response of the CF and FP structures, despite 
the evidence of intense neomorphism observed in FP, may 
be indicative of early neomorphism in an oxidizing phreatic 

environment, which did not permit incorporation of man-
ganese and iron cations to the calcite network (Fig. 5E-H).

Fossils of Pycnodonte brongniarti (Bronn, 1831) collected 
from the Ilundain Marl Formation, when observed in thin 
section, present a dominant complex crossed lamellar structure 
(CL), with less developed vesicular (V) structure in transverse 
sections (Fig. 6). In addition, repetitive thin and very long 
cells (ec), initially empty, limited between thin layers of the 
complex crossed lamellar structure (CL) have been observed 
in the more bended areas (Fig. 6A). In these areas empty 
cells (ec) are numerous and fractured, with evidence of small 
wall movements which facilitated a full early cementation by 
equant ferroan calcite crystals. Etching with Stained Aliza-
rin Red S and potassium ferricyanide permits distinction of 
equant cement with mauve colour from the CL structure with 
red colour (Fig. 6B) (Adams & MacKenzie 1998). In detail, 
two stages of cementation can be determined, the first with 
early development of small acicular crystals, characteristic 
of meteoric and marine water mixing (a), and the second 
cementation stage (b) with big equant ferroan calcite crystals. 
The last cementation type (b), having ruled out its origin in 
meteoric phreatic environments, is more characteristic of a 
phreatic burial environment (Fig. 6C, D) (Tucker & Wright 
1992; Tucker 1994). The CL structure is dominant and can 
evolve to vesicular structure (V) in the bended areas, prob-
ably as adaptive strategy used by Pycnodonte brongniarti to 
economize metabolic energy during growth of the shell. 

At higher magnifications continuity seems to be continuity 
between the lamellae of the CL structure to the V walls, with 
the same optical behaviour in both the stained and equant 
cements. Interestingly, the walls of the V microstructure 
remain preserved, despite their thinness, as emphasized by 
darker traces of micrite with organic remains, opaque ores 
and fluid inclusions (Fig. 6E). Full cementation involves 
large calcite crystals with a preferred orientation and exceeds 
the limits of the vesicles. This strongly suggests a general 
phreatic cementation (Fig. 6F) (Tucker & Wright 1992; 
Tucker 1994). owever, diagenetic intensity was higher in 
some samples, with partial destruction of the walls. It should 
also be noted that when the transverse sections are bigger, 
the formation of the structure (V) is visible through the 
partitioning lines indicative of growth band separation and 
disruption of the largest net vesicles, and then continues 
with the growth of smaller vesicles. In addition, the fill-

fig. 5. — Photomicrographs of thin-sections of Spondylus cf. caldesensis Carez, 1881 and Spondylus cisalpinus Brongniart, 1823 (ecomorph bifrons) fossil shells 
from the transition between the Eocene (Bartonian–?Priabonian) Ardanatz Sandstone and Ilundain Marl formations (Navarre, AD5 and AG1 sections), and of Spon-
dylus cisalpinus Brongniart, 1823 fossil shells from the uppermost part of the Ilundain Marl Formation (Navarre, IV section), showing different structures affected 
by diagenesis: A, Specimen IV.15, longitudinal thin-section (parallel nicols) of Spondylus cisalpinus fossil shell showing an inner shell layer with fibrous prismatic 
structure (FP) characterized by fine and long prisms. The original aragonite layer (according to Bøggild 1930: 269) was replaced by calcite. Above the inner shell 
layer is the calcitic crossed foliated microstructure (CF), much less developed, which corresponds to the shell’s outer layer. The middle layer, corresponding to 
the miostracum (?), has been obliterated by the FP structure. Micritic carbonate residues (cr) are observed along with the CF; B, same as A, with crossed nicols. 
The strong neomorphism suffered by the fibrous prismatic structure (FP) can be seen, with big calcite crystals showing different extinctions; however, the CF 
structure is less affected by diagenesis; C, specimen AG1.4.1, longitudinal thin-section (parallel nicols) of Spondylus cisalpinus (ecomorph bifrons) with a strongly 
modified fibrous prismatic structure (FP), originally aragonitic, where prisms are hardly preserved. The thin brownish area with aragonitic nacreous structure (n) 
corresponds to the middle shell layer (miostracum?), which is covered with an outer shell layer with calcitic crossed foliated microstructure (CF); D, same as C 
with crossed nicols. The neomorphic big calcite crystals extend to the thin brownish area of the middle shell layer (miostracum?). The crossed foliated structure 
(CF) suffered a lesser degree of neomorphism; E, specimen AG1.4.2, longitudinal thin-section (parallel nicols) of Spondylus cisalpinus (ecomorph bifrons). View 
of the fibrous prismatic structure (FP), the crossed foliated microstructure (CF) and micritic carbonate residues (cr); F, same as E under cathodoluminescence. 
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The different layers show different effects of fossil-diagenetic alteration. The red luminescence of the micritic carbonate residues (cr) indicates that they have 
been more strongly affected by diagenesis than the shell layers, as the crossed foliated structure (CF) is non-luminescent and the prismatic structure (FP) is only 
partially luminescent (dull luminiscence). The advance of diagenesis towards the shell interior is shown by the luminescent red colour extending along interpris-
matic paths; G, specimen AD5.1.1, thin-section (parallel nicols) of Spondylus cf. caldesensis. View of the crossed foliated structure (CF), with its spines/radial 
ribs coated by micritic carbonate residues (cr); H, same as G under cathodoluminescence, showing non-luminescent crossed foliated structure (CF) along with 
luminescent micritic carbonate residues (cr) and fractures affecting locally the CF structure. Scale bars: 1 mm.
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ing is produced by smaller crystals (polycrystalline in each 
vesicle), involving a change in environmental conditions.

Regarding behaviour under cathodoluminescence, the CL 
structure shows dull luminescence, indicating that this type 
of structure was capable of enduring the diagenetic altera-
tion that undoubtedly affected all the shell. Conversely, the 
acicular crystals, that were formed during the early infilling 
of the empty cells (a), respond with weak luminescence, as 
they were possibly generated in an oxidizing and mixing 
aqueous environment. The subsequent filling with equant 
calcite cement (b), much more luminescent in bright red, 
suggests a reducing environment and incorporation of iron 
and manganese into the calcite network (Fig. 6G). A similar 
behaviour can be deduced to have occurred between the 
CL structure and the walls of the V structure, which show 
very low luminescence in comparison to the cement that 
filled the vesicles, which produces generally intense red 
colours (Fig. 6H).

In summary, significant effects of diagenesis were observed 
in the fossils studied. In the gastropods, neomorphism 
processes with formation of large crystals of equant calcite 
occurred when the body cavity was filled with early detrital 
sediment. In other specimens lacking intrashell sediment, 
broken trace-ghosts of the original aragonitic crossed lamel-
lar structure are still preserved and early cementation by 
precipitation of large celestite crystals within the body 
cavity can be observed.

Different diagenetic behaviours can also be deduced for 
Spondylus fossil shells depending on their structure. The CF 
structure is more resistant than the FP structure, in which 
original aragonite prisms are neomorphized and generate 
large calcite crystals with different orientations. This obser-
vation is supported by cathodoluminescence. 

Pycnodonte fossil structures are more complex and allow 
the diagenetic evolution to be better established. The CL 
and V structures are dominant and resistant to diagenesis. 
The cements incorporated into empty cells and V structures 
allow the identification of two diagenetic stages. The first 
cement (a) was in all likelihood generated in an oxidizing 
and mixing aqueous environment, whereas the second (b) 
is considered as characteristic of a phreatic burial envi-
ronment. This observation agrees with stratigraphic and 
micropaleontological data (see below: Fossil associations 
and palaeoenvironments), which indicate that the fossilif-
erous strata of the uppermost Ilundain Marl Formation in 
the Itzagaondoa valley, where fossils of Pycnodonte brongni-
arti are abundant, were deposited in a shallow inner shelf 
environment. 

SYSTEMATIC PALAEONTOLOGY

Phylum MOLLUSCA Linnaeus, 1758 
Class GASTROPODA Cuvier, 1795 

Clade (Superorder) VETIGASTROPODA  
Salvini-Plawen, 1980 

Superfamily pleurotomArioideA Swainson, 1840 
Family pleurotomAriidAe Swainson, 1840

Genus Leptomaria Eudes-Deslongchamps, 1864

type species. — Pleurotomaria amonea Eudes-Deslongchamps, 
1849 by original designation.

Leptomaria peresii (d’Orbigny, 1850) 
(Fig. 7A-D)

Pleurotomaria peresii d’Orbigny, 1850: 313.

Pleurotomaria nicacensis Bayan, 1870: 12.

Conotomaria peresii – Benfrika 1994: 99.

Leptomaria peresii – Pacaud 2004: 620.

mAteriAl. — Ardanatz Sandstone. AD4 section: 2 incomplete 
and somewhat laterally compressed specimens from level AD4.1 
(c. equivalent to AD3.1). 2 fragmentary specimens from AD sec-
tions (section and level unknown). AG1 section: 2 fragments from 
level AG1.2.

dimensions. — H = (>25.0)-42.0; W = (>32.0)-(>39.0).

description 
High and thick trochiform (trochoid) shell; protoconch 
pausispiral, homostrophic, smooth, preserved in one of the 
specimens; base convex; umbilicus present, preserved in one 
specimen (?); granular surface sculpture, with spiral cords and 
wavy and weak axial ribs; ornamentation of the adapical part 
of adult whorls above seleniarea more marked, with prosocline 
(tri-) nodular axial ribs (spiral cords acquire granular appear-
ance); abapical part below seleniarea with thin spiral cords and 
ortocline-opisthocline axial ribs. Aperture mixing, U-shaped 
slit unpreserved, but seleniarea visible below shoulder (in the 
apical part of the whorls), narrow, marked by scaly, regularly 
spaced and opistocyrtic scars.

remArks 
The high conispiral shell and the presence of seleniarea 
allow assignation of these remains to the family Pleuro-

fig. 6. — Photomicrographs of thin-sections of Pycnodonte brongniarti (Bronn, 1831) fossil shells, from the uppermost part of the Eocene (Bartonian-?Priabonian) 
Ilundain Marl Formation (Navarre, IV section), showing different structures affected by diagenesis: A, longitudinal thin-section of specimen IV.16 (crossed nicols), 
showing the complex crossed lamellar structure (CL), along with the vesicular structure (V) and empty cells (ec) delimited by CL thin walls, later filled by spatic 
cement with equant crystals; B, specimen IV.17 (crossed nicols), curvature area where the thin layers with crossed lamellar structure (CL) generate empty cells 
(ec), later broken and filled with equant calcite cement. Staining with Alizarin Red S and potassium ferricyanide allows distinction of carbonate minerals contain-
ing Fe+2 (ferroan minerals) from those with little or no iron (non-ferroan minerals). The CL structure has an intense red colour (non-ferroan calcite) whereas the 
calcite cement shows mauve colour (ferroan calcite); C, specimen IV.16 (crossed nicols), detail of (originally) empty cells, whose thin walls with crossed lamellar 
structure (CL) were broken and slightly displaced. Two cementation stages are observed: a, early acicular growth only on one side of the wall fragments (typical 
of the phreatic marine area); and b, later equant calcite cementation, infilling completely the original empty spaces; D, specimen IV.18 (crossed nicols), detail 
of alternating crossed lamellar structure (CL), stained in red colour, and vesicular structure (V), generally displaying a lenticular arrangement; E, specimen IV.16 
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(parallel nicols), detail of the vesicular structure (V), where the thin walls show organic matter remains and evidence of iron ores; F, same as E, with crossed 
nicols. The equant cementation involves big calcite crystals which are not deformed and cross the vesicle walls, typical evidence of cementation in phreatic en-
vironments; G, specimen IV.19 under cathodoluminescence. The thin layer with crossed lamellar structure (CL) hardly shows luminescence (non-luminescence), 
while the equant calcite cement infilling the cells is composed of red luminescent big crystals. In detail, some cement crystals (a) associated with the walls are 
non-luminescent and suggest oxidizing environments, whereas the subsequent filling of the central area, in red colour (b), shows evidence of a reducing environ-
ment; H, specimen IV.19, showing the complex crossed lamellar (CL) and vesicular (V) structures under cathodoluminescence. The CL structure and the vesicle 
walls show weak (dull) luminescence, while the equant calcite cement infilling the vesicles shows intense red colour. Scale bars: A-D, G, H, 1 mm; E, F, 0.3 mm.
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tomariidae. The second feature excludes these from Tro-
choidea. The narrow seleniarea, its location in the apical 
part of the whorls and the rather granular sculpture of 
the shell, are all indicatives of the genus Leptomaria (see 
Pacaud 2004, 2007). 

Leptomaria peresii (d’Orbigny, 1850) was defined in the 
Priabonian of the Fontaine du Jarrier (Alpes-Maritimes) 
(MNHN.F.R64076, d’Orbigny collection). It exhibits simi-
lar proportions to those of the Danian species Leptomaria 
penultima (d’Orbigny, 1850), but its spiral ornamentation 
is more marked, with thicker and wider cords (see Pacaud 
2004, 2007).

The occurrence of Pleurotomariidae has previously been 
mentioned in Eocene strata of neighbouring geological 
regions. Boussac (1911: pl. 4, fig. 6) figured and assigned 
a fossil from the Eocene of La Gourèpe, in the Paleogene 
series of the Basque Coast (southwestern Aquitaine Basin), 
in the surroundings of the town of Biarritz/Miarritze, to 
“Pleurotomaria” lamarcki Mayer, 1876. Farrés (1961) and 
Farrés & Staid-Staadt (1964) cited, but did not illustrate, 
two species as Pleurotomaria deshayesi Bellardi, 1852 (a 
junior subjective synonym of L. peresii, see Pacaud 2007) 
and as Pleurotomaria cf. concavata [sic] Deshayes, 1832 (a 
species attributed to the genus Chelotia) in the Bartonian-
Priabonian of Gurb (Vic region, Catalonia). 

Clade (Superorder) CAENOGASTROPODA Cox, 1960 
Clade (Order) SORBEOCONCHA  

Ponder & Lindberg, 1997 
Superfamily CERITHIOIDEA Fleming, 1822 

Family cerithiidAe Fleming, 1822

Genus Ptychocerithium Sacco, 1895

type species. — Cerithium granulinum Bonelli in Michelotti, 1840 
by original designation.

Ptychocerithium baylei (Tournouër, 1874) n. comb.  
(Fig. 7E-J)

Cerithium baylei Tournouër, 1874: 528.

Cerithium suessi Tournouër in Bouillé, 1873: 463, pl. 5, fig. 12 (non 
Gemmellaro, 1868).

Cerithium sp. – Tournouër in Bouillé 1876: 250.

Ptychocerithium johannae – Boussac 1911: 34, pl. 7, fig. 16. — Asti-
bia et al. 2016: 13, fig. 6a.

mAteriAl. — Ardanatz Sandstone. AD1 and AD2 sections: 1 speci-
men from level AD1.2; 2 specimens from level AD1.3; 13 specimen 
from level AD2.1; 1 specimens from level AD2.2. AG1 section: 
12 specimens from level AG1.3; 1 specimen from level AG1.4. Ilun-
dain Marl Formation, IV section: 13 specimens. All are fragmentary 
specimens, lacking the apical part and the aperture (or most of it). 

dimensions. — Largest specimen: H > 34.0; W = 13.0 (incomplete 
specimen, about 42.0 high complete?).

description 
Shell medium-sized; cerithiform; multi-whorled (about 12 
whorls in adult specimens); protoconch not preserved; tel-
eoconch long, turriculate, abapical half straight or slightly 
convex; apical angle about (17)-22 degrees; spire whorls flat 
sided; spiral sculpture consists of three well developed primary 
or major beaded, granulated, cords (spiral ribs P1, P2, P3), 
four beaded secondary cords (adapically to P1, between P1 
and P2 and P3, abapically to P3), tertiary cords occurring 
between other cords; P1 more developed than the others in 
the last two whorls of the spire and in the body whorl. Mor-
phological variability occurs, with specimens with the second 
secondary beaded cord almost as developed as the two first 
primary cords (P1 and P2), but others (IV section) with P3 
very poorly developed (Fig. 7I); growth lines opistocirtes-
ortoclines; primary beads or nodules situated at the intersection 
(cross-over points) with generally not very prominent axial 
ribs; the number of primary beads of the last five whorls of the 
spire ranges from 14 or 13, 16 more frequently, to 18; body 
or last whorl with three major beaded cords, beads consider-
ably more elongated, no less than eight cords (four “primary” 
and four “secondary” intercalated) below the three major 
granulated ones, strong varix opposite aperture (abapertural 
side); aperture always broken, relatively small, about 16-20% 
of the total shell length (?), with remains of well developed 
(?) inner lip, posterior (anal) canal and moderately extended 
(?) anterior siphonal canal. 

remArks

This species is the most abundant gastropod in the fossil associa-
tions of the Ardanatz Sandstone. The presence of Cerithiidae 
(Cerithium sp.) in the Bartonian of Ardanatz-Eguesibar was 
already mentioned by Ruiz de Gaona (1947), Mendizábal & 
Ruiz de Gaona (1949) and Ruiz de Gaona & Colom (1950). 

The studied specimens are similar to those first described 
as “Cerithium sp. indét.” by Tournouër (1864) and later as 
“Cerithium suessi” (Tournouër in Bouillé 1873: 463, pl. 5, 
fig. 12) in the marls with Serpula spirulaea (Rotularia spiru-
laea (Lamarck, 1818)) in the north of Peyrehorade (Landes, 
Aquitaine Basin). Later Tournouër (1874) renamed C. suessi 
(correction for primary homonymy, pro Cerithium suessi 
Tournouër, 1873 non Gemmellaro, 1868) as Cerithium baylei. 
Our specimens are comparable to the syntypes of Cerithium 
baylei from the Priabonian of Peyrehorade in the Tournouër 
collection (MNHN.F.B21040).

A species closely related to Ptychocerithium baylei n. comb. is 
P. johannae (Tournouër in Bouillé, 1873), from the Paleogene 
series of the Basque Coast, outcrop of Villa Lady Bruce, in 
the surroundings of Biarritz/Miarritze (Bartonian-Priabonian, 
Côte des Basques Marls Formation, southwestern Aquitaine 
Basin, Jacquot 1864; Mathelin & Sztràkos 1993; Sztràkos et al. 
1998, 2010). Described as “Cerithium johannae” by Tournouër 
(in Bouillé 1873: 446, pl. 5, fig. 11), this species was also 
described by Boussac (1911: pl.7, fig.16) from the outcrop 
of Villa Marbella, the same as Lady Bruce according to this 
author. However, P. baylei n. comb. and P. johannae present 
a somewhat different morphology. In P. baylei n. comb. the 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/R64076
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/B21040
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fig. 7. — Fossils of gastropods from the Eocene (Bartonian-?Priabonian) marly formations of the Pamplona Basin and surrounding areas (Navarre, western Pyr-
enees): A-D, Pleurotomaridae indet.: A, B, AD4.1.1, apertural and oblique apical views; C, AD.19, lateral view; D, AG1.2.1, oblique apical view; E-J, Ptycho cerithium 
baylei (Tournouër, 1874) n. comb.: E, AG1.4.3, apertural view; F, AG1.3.1, apertural view; G, AD2.1.6, apertural view; H, AG1.3.2; I, IV.20; J, IV.14; K-O, Diastoma 
costellatum (Lamarck, 1804): K, IV.22, dorsal view; L, AD1.3.3, apertural view; M, IV.24; N, IV.23, apertural view; O, IV.25, apertural view? P, Q, Benoistia sp.: IV.33, 
dorsal and ventral views; R, Jponsia sp., IV.1, dorsal view. Scale bars: 5 mm.
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primary spiral sculpture consists of well developed beaded or 
granulated cords. On the contrary, in P. johannae, as pointed 
out by Tournouër (see Bouillé 1873: 446), the granulations 
are only well developed in the first teleoconchal whorls, being 
significantly attenuated in the next whorls and resulting in 
smoother spiral cords.

The morphology of our specimens coincides with that of 
two specimens of P. johannae included in the Cossmann col-
lection from the Bartonian of Biarritz (MNHN.F.J12641). 
However, due to the presence of well-developed beaded or 
granulated cords, in our opinion these two specimens should 
be better assigned to P. baylei n. comb.

The morphology is also quite similar to that described by 
Tournouër for “Cerithium biarritzense” (in Bouillé 1876: 62, 
pl. 3, fig. 5), another of the “Cérites des couches à Serpula 
spirulaea” (in denomination of Boussac 1911) from the site 
of Lady Bruce. It is very likely that P. baylei n. comb. and 
C. biarritzense are synonymous. 

P. baylei n. comb. differs from P. sublamellosum (d’Archiac, 
1846) by having flat and not slightly convex spire whorl 
profiles (see d’Archiac 1846: pl. 9, fig. 8). Furthermore, one 
specimen of P. sublamellosum illustrated – as Cerithium sub-
lamellosum – by Boussac (1911: 11, fig. 11) and another four 
fossils assigned to the same species in the Cossmann collection 
(MNHN.F.J12761) from Biarritz, exhibit four spiral cords, 
and not three as in P. baylei n. comb., with less developed 
beads but more marked axial ribs than in P. baylei n. comb. 
Ptychocerithium gentili (Boussac, 1911), also present in the 
Bartonian of Biarritz (Villa Marbella site), has four spiral 
cords (see Boussac 1911: 22, fig. 5). 

Gastropods are abundant in the Eocene of Catalonia, in 
the eastern part of the South Pyrenean area (Carez 1881; 
Cossmann 1898a, 1906; Farrés 1961; Farrés & Staid-Staadt 
1964; De Renzi 1971; Dominici & Kowalke 2014). Coss-
mann (1898a, 1906) discusses and defines many gastropod 
species from the Eocene of Catalonia, but P. baylei n. comb. 
was not cited. 

Family diAstomAtidAe Cossmann, 1894

Genus Diastoma Deshayes, 1861

type species. — Melania costellata Lamarck, 1804 by monotypy.

Diastoma costellatum (Lamarck, 1804)  
(Fig. 7K-O)

Diastoma costellatum Lamarck, 1804b: 430.

Diastoma hispanicum Cossmann, 1906: 442, pl. C, figs 15-17.

Diastoma biarritzense Oppenheim, 1906: 82, 83, pl. 9, fig. 18. — 
Boussac 1911: 48, pl. 11, fig. 10. 

mAteriAl. — Ardanatz Sandstone. 3 specimens from AD sec-
tions (levels unknown). AD1 and AD2 sections: 1 specimen from 
level AD1.3; 1 specimen from level AD2.1; 1 specimen from level 

AD2.2. AG1 section: 3 fragments from level AG1.4. Ilundain Marl 
Formation, IV section: 37 specimens. All incomplete specimens, 
aperture not preserved.

dimensions. — Largest specimen: H > 25.0; W = 8.5 (incomplete 
specimen, about 30.0 high complete?).

descripton

Shell medium-sized; slender, turriculate; whorls convex-sided, 
incised sutures; main ornamentation consist of 13-19 regularly 
spaced axial ribs, with one or two varices on each whorl, in 
general not very strong, crossed by 4-5 equally spaced pri-
mary cords (spiral ribs) in early whorls, 7-10 in adult spire, 
14 or more in the last whorl; intercalated secondary and even 
some tertiary spiral ribs; variability in the development of the 
axial sculpture is observed, especially in the varices, from very 
marked to virtually absent; in some specimens adapical third 
spirals and axial ribs are coarse, thicker, with granulose and 
elongated intersections. 

remArks

This species is the most abundant gastropod in the fossil 
associations from the outcrops of the Itzagaondoa Valley (IV 
section), in the uppermost part of the Ilundain Marl Forma-
tion. The morphology of the shells is quite similar to Diastoma 
costellatum (Lamarck, 1804), a species defined in the Lutetian 
strata of the Paris Basin. However, the ornamentation of our 
fossils is more marked than in the specimens of D. costellatum 
from the Lutetian strata of Damery (Marne) (see in Courville 
et al. 2012), Chaussy (Val-d’Oise, MNHN.F.J02476, J12812, 
Cossmann coll.) or Grignon (Yvelines, MNHN.F.J03710, 
Cossmann coll.) of the Paris Basin, and markedly more 
pronounced than in the holotype of Diastoma imbricatum 
Cossmann, 1898 from the Bartonian of Bois-Gouët (Loire-
Atlantique, MNHN.F.J04722, Cossmann coll.) (Cossmann 
1898b). In this sense, it bears greater resemblance with the 
species Diastoma hispanicum Cossmann, 1906 from the Early 
Eocene of Perauba (Catalonia), but in our opinion the dif-
ferences between D. costellatum and D. hispanicum are not 
significant. Farrés & Staid-Staadt (1964) cite the occurrence 
of D. costellatum in the “Biarritzian” (Bartonian-Priabonian, 
Cascella & Dinarès-Turell 2009; Costa et al. 2013) from the 
Comarca de Vic (Catalonia). Diastoma costellatum is also 
mentioned and figured by Boussac (1911: pl. 8, fig. 7; pl. 11, 
fig. 9) in the “Nummulitique” of Biarritz, from the Auversian 
(Bartonian) of Villa Marbella and from the Bartonian or early 
Priabonian of the Côte des Basques Marls Formation (south-
western Aquitaine Basin). The Cossmann collection includes 
three specimens of D. costellatum (MNHN.F.J12818) and three 
specimens of Diastoma costellatum elongatum (Brongniart, 
1823) (MNHN.F.J12822) from Biarritz, and they are fully 
comparable to those of Navarre. Oppenheim (1906: 82, pl. 9, 
fig. 18) described a new species, Diastoma biarritzense, from 
the marls of the Côte des Basques. Boussac (1911: pl. 11, 
fig. 10) described a shell fragment from the Côte des Basques, 
which he also assigned to the species Diastoma biarritzense 
Oppenheim, 1906, due to its lower number and less devel-
opment axial ribs – similar to the specimen AD1.3.3 from 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12641
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12761
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J02476
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12812
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J03710
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J04722
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12818
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12822
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Ardanatz sandstone (Fig. 7L). However, in our opinion the 
morphological features of D. biarritzense fit within the vari-
ability of D. costellatum. Puigdefábregas (1975, determinations 
by Villalta Comella) mentioned the presence of D. costellatum 
elongatum and D. costellatum biarritzense in the Eocene marls 
of Binacua and San Román de Basa (Pamplona Marls sensu 
lato, Jaca Basin, west-central part of the South Pyrenean area), 
which are all situated in the neighbouring territory of Huesca 
(Aragon), about 120 km to the southeast of our study area.

Family brAchytremAtidAe Cossmann, 1906

Genus Benoistia Cossmann, 1900

type species. — Cerithium muricoides Lamarck, 1804 par monotypy.

Benoistia sp. 
(Fig. 7P, Q)

mAteriAl. — Ilundain Marl Formation, IV section: 1 incomplete 
specimen. 

dimensions. — H > 18.0; W = (12.0) (incomplete specimen, about 
22 mm high complete).

description

Shell medium sized. Four last whorls preserved. Conical and 
slightly elongated teleoconch. Suture moderately deep. Axial 
sculpture of 5-8 low ribs becoming less and less marked dur-
ing the growth. On the spire, one strong primary cord on the 
sutural ramp and two other primary cords on the convex part 
of the whorl. On the last whorl, one strong primary cord on 
the sutural ramp and around four other primary cords on the 
convex part of the whorl. On the two last whorls, appearance 
of secondary cords and threads. Numerous granules on the 
primary cords and major secondary cords. Aperture not visible.

remArks

The elongated shape of Benoistia vidali Cossmann, 1906 from 
the Early Eocene of Catalonia (Perauba) strongly resembles 
Benoistia sp. However, since the early teleoconch whorls, the 
axial ribs are well defined and strongly nodulose, whereas 
Benoistia sp. bear only small nodules. On the last whorl, 
Benoistia vidali displays subspinose nodules on the shoul-
der, whereas they are developed in Benoistia sp. Benoistia 
bofilli Cossmann, 1906, from the Early Eocene of Catalonia 
(Perauba), differs by a shorter shape, more marked axial ribs 
and a less granulose surface. Benoistia muricoides (Lamarck, 
1804), from the Middle Eocene of the Paris Basin, differs 
by a shorter shape and by nodulose and subpinose ribs, but 
it shares a granulose surface with Benoista sp. B. acutidens 
(Deshayes, 1833) from the Lutetian of the Paris Basin shares 
an elevated spire, but is easily distinguishing by its sculpture 
in which the first spiral cord of the convex part of the whorl 
forms a strong keel. In addition, the surface of the shell is not 
granulose. The Rupelian species B. boblayi (Deshayes, 1833) 

posseses a more conical shell and its axial ribs are almost not 
marked. Finally this species of Benoistia seems to be new, but 
more material is needed to complete its shell description and 
particularly the aperture.

Family pAchychilidAe Fischer & Crosse, 1892

Genus Jponsia Pacaud & Harzhauser, 2012

type species. — Melania cuvieri Deshayes, 1825 by original des-
ignation.

Jponsia sp.  
(Figs 7R; 8A, B)

mAteriAl. — Ilundain Marl Formation, four fragmentary speci-
mens from IV section.

dimensions. — Largest specimen: H > 50.0; W = (22.0) (incom-
plete specimen, about 70 mm high complete?).

description

Shell medium-large sized; cerithiform, robust, long spire; strong 
axial sculpture with coarse ribs (varices), slightly spiny and 
opisthocline, especially developed in the middle and abapical 
parts, about 11 (preserved young spire)-9(10) (adult spire) 
per whorl; adapical third of whorls depressed and rather flat, 
forming a fringe or band with thin axial ribs (growth lines?) 
and two separate upper and lower grooves (furrows) in the 
larger specimens. Spiral sculpture marked by furrows giving 
the axial ribs an imbricated-staggered outline. Last whorl 
small, less than a third of the total height of the shell, with 
net spiral ornamentation down to the base. 

remArks

In a recent work Pacaud & Harzhauser (2012) reviewed the 
Pachychilidae of the European Paleogene, suggesting the 
creation of three new genera: Jponsia, Moniquia and Eginea. 
These authors included in the new genera some Cretaceous 
and Paleogene species, previously assigned to genera such 
as Faunus De Montfort, 1810, Melanatria Bowdich, 1822, 
Pirena Lamarck, 1822 or Tinnyea Hantken, 1887. 

Although the material available in this study is very limited, 
in principle, the genus Jponsia seem to be more appropriate 
than Moniquia, because the development of the spiral sculp-
ture is greater; unlike the development of the spiny sculpture, 
which is smaller and adapically not abaxially oriented. 

The morphology of our specimens is quite similar to that 
of the fossils which Villalta Comella (1956: 152-154, pl. 4, 
fig. 1) assigned to Faunus (Melanatria) undosus (Brongniart, 
1823), from the Bartonian marls of San Román de Basa 
(Huesca, Jaca Basin, South Pyrenean area). It is also com-
parable to a specimen of Jponsia undosa (Brongniart, 1823) 
figured by Pacaud & Harzhauser (2012: pl. 2, fig. 4) from 
the Bartonian of Roncà (Italy), although the fragmentary 
state of both the Italian and our specimens does not allow 
further insight.
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Family turritellidAe Lovén, 1847

Genus Haustator Montfort, 1810

type species. — Haustator gallicus Montfort, 1810 by monotypy.

Haustator altavillensis (Cossmann & Pissarro, 1900) 
(Fig. 8C-G)

Turritella altavillensis Cossmann & Pissarro, 1900: 196, pl. 20, figs 6-7.

Turritella (Haustator) altavillensis – Villalta Comella 1956: 143, 
144, pl. 3, figs 1a-1e.

mAteriAl. — Ardanatz Sandstone. 4 specimens from AD sections 
(levels unknown). AD1 and AD2 sections: 1 specimen from level 
AD1.2; 1 specimen from level AD2.1; 2 specimens from level 
AD2.2. Ilundain Marl Formation, IV section: 4 fragments. All 
incomplete specimens, protoconch, early teleoconchal whorls and 
aperture not preserved.

dimensions. — Largest specimen: H > 47.0; W = 15.0 (incomplete 
specimen, about 80 mm high complete?).

description 
Shell large-sized, turriculate, sharply conical; protoconch and 
aperture are missing in all specimens; apical angle about 10-11 
degrees (?); adult whorls flat-sided, basally carinate, sculptured 
with 7-8 fine spiral keeled cords, sharps, more tightly packed 
the first three or four cords, more separate and developed the 
following, being the 7th (the penultimate cord, spiral C? of 
Marwick 1957) the most prominent; the last two cords may 
form a basal carination, variable in development, and some-
times seem to protrude slightly above the next whorl; space 
between cords (spiral grooves) concave; adult growth lines 
between the sutures (outer lip trace) opistocirtes-prosoclines, 
with moderately oblique lateral sinus; growth lines develop 
a fine axial costulation, pointed by partial dissolution of the 
fossil shells. The intersection between the thin axial ornamen-
tation and the spiral cords gives them a finely and irregularly 
toothed, granulated appearance.

remArks

The presence of Turritellidae among the gastropods from the 
Eocene of marly formations of Navarre was already mentioned 
by Ruiz de Gaona (1947), Mendizábal & Ruiz de Gaona (1949) 
and Ruiz de Gaona & Colom (1950), who cited the species 
“Turritella duvali” in the Bartonian of Ardanatz-Eguesibar. 

The genus Turritella Lamarck, 1799 is widely used for 
many turritelline species. Turritelline genus-level systemat-
ics remains unclear (Allmon 1996). According to Marwick 
(1957) and Tracey & Todd (1996), the flat-sided adult whorls 
and prominent primary spirals C forming a basal carination 
allow the studied fossils to be tentatively assigned to Haustator, 
but unfortunately the protoconch and the early teleoconch, 
which are important to reliably identify this genus, are miss-
ing in our material.

During the past, several species of the genus Turritella 
have been described in the Paleogene series of Bearn and the 

Basque Coast (southwestern Aquitaine Basin) and Catalonia 
(eastern margin of the Ebro Basin). D’Archiac (1850: pl. 13, 
fig. 19) described and figured a fossil of Turritella inscripta 
d’Archiac, 1850 (synonym of ?Haustator inscripta (d’Archiac, 
1850)), a species established from perhaps too fragmentary 
specimens. Three specimens of ?H. inscripta from the Eocene 
of Biarritz (Villa Marbella, Côte des Basques Marls Formation; 
MNHN.F.J12239, Cossmann coll.) present, as diagnosed by 
d’Archiac (1850), two carina on every whorl, a morphology 
distinctively different to that in our fossils. D’Archiac (1850) 
also cited Turritella carinifera Deshayes, 1832 (synonym of 
Haustator contractus (Sowerby J. de C. in Dixon, 1850)) in 
the Eocene of Biarritz and Pau (Bosdarros/Lo Bòsc d’Arròs). 
Rouault (1850: pl. 15, figs. 13, 14) described and figured two 
specimens of T. carinifera from the Early Eocene of Bosdar-
ros (synonym of Haustator pseudoelegans (Cossmann, 1923)). 
Bouillé (1876) also cited T. carinifera from the sites of Lady 
Bruce and Phare (Roche d’Haïtzar) near Biarritz. Our speci-
mens exhibit flat sides and basal carina, but they are more 
elongate than those figured by Rouault (1850). They are in 
fact more alike a specimen of T. carinifera, figured by Coss-
mann & Pissarro (1910: pl. 20, fig. 125-4) from the Lutetian 
of Chaumont-en-Vexin (Paris Basin), although spiral cords 
of the latter seem to be more numerous and more regularly 
distributed on every whorl than in fossils from Navarre. On 
the other hand, Newton (1912) suggested T. oppenheimi as 
a replacement name for T. carinifera Deshayes, 1832 (non 
Lamarck, 1822, a recent species) (Tracey & Todd 1996), but 
T. oppenheimi is a subjective synonym of Haustator contractus 
(Sowerby J. de C. in Dixon, 1850).

The overall morphology of the studied fossils is quite 
similar to specimens of Turritella asperula Brongniart, 1823 
from the “Rupelien” (Oligocene) of the Chambre d’Amour, 
in the “Nummulitique” of Biarritz (southwestern Aquitaine 
Basin), described and figured by Boussac (1911: 82, 83, 
pl. 21, fig. 15 and pl. 22, figs 3, 4). However, the arrange-
ment of spiral ribs looks quite different. In our specimens the 
ribs are stronger and more separate in the medium-abapical 
part of the whorls, while in Haustator asperulus the ribs are 
more regularly distributed over the entire surface of each 
whorl. The differences with H. asperulus from the Oligocene 
of Iran and Greece, as published in Harzhauser (2004), are 
even more marked. Unlike our specimens, H. asperulus does 
not have adult whorls with sharp, keeled, spiral ribs. Similar 
differences can be established with respect to two specimens 
of H. asperulus from the Rupelian of Saint-Hilaire (Pierrefitte, 
Essonne, France, MNHN.F.A42164 and A42165), figured 
by Lozouet & Maestrati (2012).

Our fossils are, however, very similar to those which Villalta 
Comella (1956: 143, 144, pl. 3, figs 1a-1e) assigned to the 
species Turritella (Haustator) altavillensis Cossmann & Pissarro 
(1900), from the Bartonian of San Román de Basa and Isún 
de Basa (Huesca, Jaca Basin, South Pyrenean area). According 
to Villalta Comella (1956), H. altavillensis could be a variety 
of H. contractus, which, like our specimens, would differ by 
having finer and more granular and irregularly distributed spi-
ral cords, among other distinctive features. However, Villalta 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12239
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/A42164
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/A42165
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fig. 8. — Fossils of gastropods from the Eocene (Bartonian-?Priabonian) marly formations of the Pamplona Basin and surrounding areas (Navarre, western Pyr-
enees): A, B, Jponsia sp.: A, IV.26; B, IV.27; C-G, Haustator altavillensis (Cossmann & Pissarro, 1900): C, AD1.2.3; D, AD.21; E, IV.28; F, AD2.2.3; G, AD2.2.2. 
H-L, Haustator cf. imbricatarius conoideus (Sowerby J., 1814): H, AD2.1.7; I, IV.29; J, IV.2; K, IV.30; L, AG1.3.5; M-P, Sigmesalia sp.: M, IV.3, apertural view?; 
N, AD.25; O, AD1.3.4; P, AD2.1.8; Q-S, Ampullinidae indet.: Q, R, AD.26, apertural and oblique apical views; S, AD.27; T, ?Globularia sp., AD.28, apertural view. 
Scale bars: 5 mm.



228 GEODIVERSITAS • 2018 • 40 (11) 

Astibia H. et al.

Comella (1956) indicated that, despite the large number of 
specimens available, there is a great homogeneity of characters 
with no intermediate forms, a fact that could point to the 
validity of the species Haustator altavillensis (Cossmann & 
Pissarro, 1900). Years later, Puigdefábregas (1975, determi-
nations by Villalta Comella) also mentioned the presence of 
H. altavillensis in the Eocene marls of Yebra de Basa, a locality 
situated near San Román de Basa and Isún de Basa.

Haustator cf. imbricatarius conoideus (Sowerby J., 1814)  
(Fig. 8H-L)

Turritella conoidea Sowerby J., 1814: 109, pl. 51, figs 1-2, 4.

mAteriAl. — Ardanatz Sandstone. 4 specimens from AD sections 
(levels unknown). AD2 section: 1 specimen from level AD2.1. AG1 
section: 1 specimen from level AG1.2; 1 specimen from AG1.3; 
6 specimens from AG1.4. Ilundain Marl Formation, IV section: 
33 specimens. All fossils are fragmentary; aperture not preserved.

dimensions. — Largest specimen (incomplete, somewhat crushed): 
H > 22.0; W = (9.0).

description 
Shell medium to large-sized, turretlike, sharply conical; proto-
conch and aperture unknown in the whole sample available; 
apical angle of about 16-22 degrees (?); teleoconch with deep 
sutures, spire whorls convex-sided and pseudo-imbricated 
aspect (abapical part of the whorls protruding with respect 
to the adapical part of the next whorl); adult ornamentation 
consists of regularly spaced finely granulose spiral cords of at 
least three orders; growth-lines opistocirtes. Some morpho-
logical variability in the convexity of the whorls and in the 
development of the first abapical rib, generally slightly more 
prominent than in other “primary” spirals, was observed.

remArks

The morphology of the specimens from the study area resem-
bles that of Haustator imbricatarius (Lamarck, 1804), a species 
present in the basins of Paris and London, among other areas. 
In H. imbricatarius (specimens from the Lutetian of Damery 
[Marne] [Courville et al. (2012), Chaussy [Val-d’Oise] and 
Chaumont-en-Vexin [Oise] [MNHN.F.J03715 and J12228, 
Cossmann coll.]) considerable variability can be observed, but 
the outline of the whorls is generally quite straight, sometimes 
even slightly concave, whereas in our fossils it is slightly convex. 
D’Archiac (1846) cited an incomplete material of Turritella 
imbricataria Lamarck, 1804 from the Eocene of the Port des 
Basques, near Biarritz (southwestern Aquitaine Basin). Later 
Boussac (1911) also cited T. imbricataria in the “Auversien” 
from the same area, at the site of Villa Marbella, in the southern 
part of the Côte des Basques (Côte des Basques Marls Forma-
tion), and Turritella trempina Carez, 1881 in the “Bartonien 
inférieur ou Priabonien” from the northern part of the Côte 
des Basques. Likewise, two specimens of the Cossmann col-
lection (MNHN.F.J12119) collected from the Priabonian 
of Biarritz and classified as H. imbricatarius have flat-sided 
spire whorls, not convex as in the specimens from Navarre. 

According to Carez (1881), H trempinus is distinguished 
from H. imbricatarius especially by its narrower shape. The 
four specimens of H. trempinus figured by Carez (1881: pl. 4, 
figs 8-11) have an apical angle of about 10 degrees. Similarly, 
one single fossil figured by Boussac (1911: 51, pl. 11, fig. 17) 
from Cote des Basques also appears to have an apical angle 
of about 10 degrees. By contrast, the apical angle of seven 
specimens of Haustator imbricatarius figured by Courville 
et al. (2012) from the Lutetian of Damery (Marne, Paris 
Basin) is, like in the Eocene fossils of Navarre, greater, about 
(14) 16-19 degrees. Cossmann regarded Turritella trempina 
Carez, 1881 as synonymous with Turritella ataciana d’Orbigny, 
1850. According to De Renzi (1971), the species T. trempina 
created by Carez in the Eocene (Ilerdian) from the Conca de 
Tremp (Catalonia), would be a junior synonymous of Tur-
ritella dixoni Deshayes, 1861. 

The fossils from Navarre bear greater similarities to several 
specimens of Haustator imbricatarius conoideus (J. Sowerby, 
1814) from the Bartonian of Bracklesham Bay and, especially, 
of Barton-on-Sea (England) included in the Cossmann col-
lection (MNHN.F.J12173 and J12227). The spiral orna-
mentation is similar in all cases and, although the spire of 
the specimens from Bracklesham Bay is less imbricated, the 
slightly convex profile of whorls is also similar. Haustator elon-
gatus (J. Sowerby, 1814) from the Bartonian of Barton-on-Sea 
(MNHN.F.J12188, Cossmann coll.) also has “imbricated” 
whorls and a somewhat convex silhouette, but the shell is 
narrower, with a smaller apical angle than in H. imbricatarius 
conoideus and in our fossils. 

Subfamily pAreorinAe Finlay & Marwick, 1937

Genus Sigmesalia Finlay & Marwick, 1937

type species. — Turritella sulcata Lamarck, 1804 (non Bosc, 
1801) by original designation (synonym of Sigmesalia koeneni Le 
Renard, 1994).

Sigmesalia sp.  
(Fig. 8M-P)

mAteriAl. — Ardanatz Sandstone. 1 fragmentary specimen from 
AD sections (section and level unknown). AD1and AD2 sections: 
6 fragments from level AD1.3; 1 fragmentary specimen from level 
AD2.1. Ilundain Marl Formation, IV section: 3 fragmentary speci-
mens. In all fossils protoconch and aperture not preserved.

dimensions. — Largest specimen: H > 15.9; W = 7.8 (incomplete 
specimen, about 19.0 high complete?).

description

Medium-sized, turretlike, conical; protoconch unknown; apical 
angle about 32 degree; adult sculpture with 4 (5) prominent and 
smooth spiral cords; spire whorl sides convex, angled, shouldered, 
and more flattish abapically from the second spiral cord; last 
whorl with about a dozen ribs down to the base of the shell; 
aperture broken, but it expands (effuse) over the columella. 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J03715
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12228
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12119
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http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12188
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remArks

The assignation of fossils to Pareorinae is difficult when the 
aperture is not intact (see Marwick 1957). However, the 
general shape of the studied fossils is suggestive of the genera 
Mesalia Gray, 1847 and Sigmesalia Finlay & Marwick, 1937. 
Squires & Saul (2007) regarded both as congeneric forms.

The studied specimens can be compared to the species 
Sigmesalia variabilis Defrance, 1828 from the Bartonian of 
Jaignes (Seine-et-Marne, Paris Basin), which also exhibits four 
spiral cords (Cossmann & Pissarro 1910: pl. 21, fig. 126-5). 
However, in S. variabilis, spire whorl sides are less convex and 
cords are weaker (?) than in our specimens. Therefore, the latter 
are more similar to specimens of S. fasciata (Lamarck, 1804) 
figured by Cossmann & Pissarro (1910: pl. 21, fig. 126-9) 
from the Lutetian of Villiers-Saint-Frédéric (Yvelines, Paris 
Basin), with spiral cords stronger (?) than in S. variabilis. 
The resemblance to S. fasciata (Lamarck, 1804) from the 
Bartonian of Vendrest (Seine-et-Marne; MNHN.F.J12322, 
Cossmann coll.) and to S. variabilis (Defrance, 1828) 
from the Bartonian of Le Fayel (Oise; MNHN.F.J12325, 
Cossmann coll.) is also remarkable. However, in the latter 
two species the shape of whorls is frustoconical, whereas 
in our material the shape, abapically the shoulder (the sec-
ond rib), is more angular, having more convex-cylindrical 
appearance. Sigmesalia koeneni Le Renard, 1994 from the 
Lutetian of Damery (Marne, Paris Basin) (Courville et al. 
2012: pl. 3, figs 8, 16, 19) and S. solida (Deshayes, 1861) 
from the Bartonian of Le Guépelle, Saint-Witz (Val-d’Oise; 
MNHN.F.J12353, Cossmann coll.) have more and finer ribs, 
and less angular and convex whorl sides. On the other hand, 
the strong development of the spiral cords in our fossils bears 
a great resemblance to S. pyrenaica (d’ Orbigny, 1850) from 
the Ypresian of Arañonet (Catalonia) (MNHN.F.J12189, 
Cossmann coll.) and from Fabrezan (Aude), but in both 
cases the number of prominent ribs is lower (two or three) 
than in our fossils. The small size of the available samples 
prevents greater accuracy. 

Superfamily cAmpAniloideA Douvillé, 1904 
Family AmpullinidAe Cossmann, 1918

Ampullinidae indet.  
(Fig. 8 Q-S)

mAteriAl. — Ardanatz Sandstone. 3 specimens from AD sections 
(section and level unknown). AG1 section: 1 specimen from AG1.3. 
MD1 section: 1 specimen. All specimens fragmentary, protoconch 
not preserved, aperture absent or very imcomplete.

dimensions. — Largest specimen: H > 22.0; W = 19.0. 

description

Shell medium-sized; globose shape; spire relatively high, with 
more than three whorls; shouldered whorls, tabulate and 
grooved (shoulder sharpened) last whorl; last whorl inflated, 
specially in its middle part; shell surface rather smooth, only 
growth lines stand out slightly.

remArks

Ampullinidae includes gastropods that historically many authors 
(Cossmann 1888; Glibert 1963, among others) included in 
the family Naticidae. Later, Kase (1990) and Kase & Ishikawa 
(2003a, b) separated Ampullinidae and Naticidae using both 
their soft anatomies and shell morphologies. Recently, Caze 
et al. (2011) included coloured pattern features to discriminate 
between both families. According to the criteria by Kase & Ishi-
kawa (2003a, b), the relatively high spire and shouldered and 
tabulate whorls suggest our fossils may be closer to the family 
Ampullinidae. Both families can generally be readily distin-
guished on the basis of their different opening and umbilical 
region morphology. Unfortunately, however, the poor preserva-
tion of the studied specimens does not allow further assessment.

The outline of the adapical part of the last whorl of the stud-
ied fossil shells is angular, like in Ampullina Bowdich, 1822, a 
genus in which 41 Paleogene species have been described (see 
Caze et al. 2011), and, in a lesser extent, like in Crommium 
Cossmann, 1888, which includes six exclusively Paleogene 
species. In Globularia Swainson, 1840 (Danian-Recent) the 
adapical shape of the whorls is generally more rounded.

The presence of Ampullinids in the Eocene of the South Pyr-
enean area was early reported by Cossmann (1898a: 10, pl. 8, 
figs 23, 24), who described and figured the species Ampullina 
vidali Cossmann, 1898 from the “middle Nummulitic” of Ager 
(South Pyrenean area). Farrés (1961) cited in the Bartonian-
Priabonian of Vic numerous species that he assigned to the 
genus Natica, today mostly included in Ampullinidae. Martinius 
(1995) mentioned the abundance of Amaurellina (Crommium) 
intermedia Deshayes, 1833, cf. Amaurellina sp. and Natica sp. 
in some biofacies of the Early Eocene of Roda (Aragon). In the 
North Pyrenean area, Rouault (1850: pl. 16, figs 2, 3) described 
and figured two fossils from the Early Eocene of Bosdarros that 
assigned to Ampullaria indet and Natica baylei Rouault, 1850 
(synonym of Ampullina baylei (Rouault, 1850)). The shape of 
the columellar lip and the high and acute spire points to the 
family Ampullinidae in both cases.

Genus Globularia Swainson, 1840

type species. — Ampullaria sigaretina Lamarck, 1804 by subsequent 
designation (Herrmannsen, 1847).

?Globularia sp.  
(Fig. 8T)

mAteriAl. — Ardanatz Sandstone. One fragmentary specimen 
from AD sections (section and level unknown). Protoconch and 
aperture not preserved.

dimensions. — H = (21.3); W = (18.0).

description And remArks 
Shell medium-sized; globose shape (spherical outline); spire 
with more than three whorls; whorls tabulate; huge last whorl 
of semicircular shape, shell surface smooth, only growth lines 
stand out slightly.

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12322
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12325
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12353
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12189
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The shape of the last whorl is semicircular, like in the 
genus Globularia Swainson, 1840, for example in the species 
Globularia sigaretina (Lamarck, 1804) from the Lutetian of 
Damery (Marne, Paris Basin) (Courville et al. 2012) and the 
Bartonian of Antilly (Oise; MNHN.F.J10972, Cossmann 
coll.). In the North Pyrenean area, Cossmann (1923: 35, 
pl. 3, figs 35-36) cited Ampullina cf. splendida (Deshayes, 
1834) (synonym of Globularia splendida (Deshayes, 1834))
from the Early Eocene of Gan, a locality close to Bosdarros 
(southwestern Aquitaine Basin). Villalta Comella (1956) 
described two Ampullinidae, Globularia grossa (Deshayes, 
1864) and a new species Amauropsina thomasii in the Bar-
tonian marls of Basa Valley (Huesca, Jaca Basin, South 
Pyrenean area). Amauropsina thomasii Villalta Comella, 
1956 exhibits a more compressed shell than the fossil from 
Ardanatz. Farrés (1961) cited, among other species, Natica 
sigaretina Lamarck, 1804 and Natica acuta Lamarck, 1804 
in the Eocene of the Region of Vic (Catalonia), which are 
now assigned to the genera Globularia and Crommium, 
respectively. Our sample is too small and fragmentary for 
an accurate specific assignment. 

Clade (Order) HYPSOGASTROPODA  
Ponder & Lindberg, 1997 

Informal group PTENOGLOSSA Gray, 1853 
Superfamily epitonioideA Berry, 1910 

Family epitoniidAe Berry, 1910

Genus Cirsotrema Mörch, 1852

type species. — Turbo scalaris Linnaeus, 1758 by original designation.

 Subgenus Elegantiscala de Boury, 1911.

type species. — Scalaria elegantissima Deshayes, 1861 by original 
designation.

Cirsotrema (Elegantiscala) cf. bouillei  
(Tournouër in Bouillé, 1873) n. comb. 

(Fig. 9A)

Scalaria bouillei Tournouër in Bouillé, 1873: pl. 6, fig. 1. — Bous-
sac 1911: 35, pl. 3, fig. 5.

mAteriAl. — Ardanatz Sandstone. AD2 section: 1 specimen from 
level AD2.1. Protoconch not preserved, aperture broken.

dimensions. — H > 23.0; W = 12.0.

description

Shell medium to large, turriculate; whorls convex-sided with 
strong spiral and axial sculpture; 6-7 well marked spiral cords; 
raised axial ribs, 15-17 per whorl, foliated, with wavy lamel-
lations and a little spiny, angular shoulder expansion (slightly 
hooked at shoulder). Aperture sub-circular. 

remArks 
The presence of Epitoniidae (= Scalariidae) among the gastro-
pods of the Bartonian marly formations of Navarre was early 
mentioned by Ruiz de Gaona (1947), Mendizábal & Ruiz 
de Gaona (1949) and Ruiz de Gaona & Colom (1950), who 
reported Scalaria sp. from the localities of Ardanatz-Eguesibar, 
Tejería (Mendillorri), Altos de Badoztain and Pamplona-Beloso. 

This fossil is quite similar to an incomplete specimen from 
the Priabonian of Biarritz (MNHN.F.J10160, Cossmann coll.) 
assigned to Cirsotrema (Elegantiscala) bouillei (Tournouër in 
Bouillé, 1873) n. comb. and three fossils assigned to Scalaria 
bouillei, which were described and figured by Boussac (1911: 35, 
pl. 7, figs 13, 14) from the Auversian (Bartonian) of the site of 
Villa Marbella (Côte des Basques Marls Formation, southwestern 
Aquitaine Basin), also near the city of Biarritz. Our specimen also 
looks like Cirsotrema acuta (Sowerby, 1812) (Sowerby 1812: 50, 
pl. 16) from Barton Beds (Barton, Highcliffe, England). Morton 
(2018, http://www.dmap.co.uk/fossils/) figured a specimen of 
this species as Elegantiscala acuta. Taking the original figure by 
Sowerby (1812) and Morton’s photos, C. acuta has a straight 
profile, not convex, and a more spiny angular shoulder expansion 
in the whorls than our specimen AD2.1.9. In comparison with 
the fossils from Biarritz, AD2.1.9 seems to have more developed 
and perhaps less numerous axial ribs. Unfortunately, further 
precision is not possible with the available material.

Genus Epitonium Röding, 1798

Subgenus Crisposcala de Boury, 1886

type species. — Scalaria crispa Lamarck, 1804 by original designation.

Epitonium (Crisposcala) aff. subpyrenaicum  
(Tournouër in Bouillé, 1873) 

(Fig. 9B-E)

Scalaria subpyrenaica Tournouër in Bouillé, 1873: pl. 3, fig. 2.

Scala (Criposcala) acuminensis [sic] – Villalta Comella (1956: 132, 
133, pl. 2, fig. 1 (non Scalaria acuminiensis de Boury, 1883).

mAteriAl. — Pamplona Marl Formation: two specimens from EG1 
section; one fragmentary specimen from AZ1 section; one incomplete 
specimen from IZ1 section. Transition between the Pamplona Marl 
Formation and the Ardanatz Sandstone Formation (or Ilundain Marl 
Formation): three specimens from BD1 section. Aperture is either 
incomplete or not preserved at all in all specimens.

dimensions. — H = (11.1); W = 9.0-17.0.

description

Turriculate shell with shouldered whorls; numerous, thin and 
scarcely developed spiral cords; thick, coarse, poly-lamellar 
axial ribs, folded back (adaperturally) except in the shoulder, 
where a spiny and angular-hooked structure, more marked in 
some especially thick axial ribs (varices?), is generated; surface 
of axial ribs with a rhomboidal reticular pattern as a result of 
wavy lamellations composite structure; deep sutures; slightly 
marked umbilical depression; holostomate, sub-circular aperture.

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J10972
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J10160
http://www.dmap.co.uk/fossils/
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fig. 9. — Fossils of gastropods from the Eocene (Bartonian-?Priabonian) marly formations of the Pamplona Basin and surrounding areas (Navarre, western Pyr-
enees): A, Cirsotrema (Elegantiscala) cf. bouillei (Tournouër in Bouillé, 1873) n. comb.: AD2.1.9, apertural view; B-E, Epitonium aff. subpyrenaica (Tournouër in 
Bouillé, 1873): B, EG1.1.2; C, EG1.1.1; D, BA1.2.4, apertural view; E, BA1.2.3; F, Amaea (Acrilla) pellati De Raincourt & Munier-Chalmas, 1863 n. comb., AZ1.1.1; 
G, Amaea (Acrilla) sp.: AD.29; H, Niso sp.: IV.4; I, Sassia (sensu lato) sp. 1, IV.31; J, K, Sassia (sensu lato) sp. 2, AD.33, dorsal and ventral views; L, Metula (Cela-
toconus) sp.: IV.32; M-P, Clavilithes (Clavellofusus) cf. parisiensis Mayer-Eimar, 1876: M, AD2.1.10; N, AD.30; O, AD.31; P, AD2.1.11; Q, R, Paziella (Flexopteron) 
sp., AD2.1.12, dorsal and apical views. Scale bars: 5 mm.
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remArks 
Our fossils are quite similar to Epitonium (Crisposcala) acumiense 
(de Boury, 1886) from the Bartonian marls of Isún de Basa 
(Huesca, Jaca Basin, South Pyrenean area) (Villalta Comella 
(1956: pl. 2, fig. 1). They also bear a great resemblance to 
E. (Crisposcala) acumiense from the Bartonian of Acy-en-
Multien (Paris Basin) (Cossmann & Pissarro 1907) and to 
E. (Crisposcala) subpyrenaicum (Tournouër in Bouillé, 1873) 
(Bouillé 1876: pl. 3, fig. 2) from the Bartonian marls of Côte 
des Basques (Biarritz, Côte des Basques Marls Formation, 
southwestern Aquitaine Basin). However, both E. (Crispo-
scala) acumiense from Acy-en-Multien and E. (Crisposcala) 
subpyrenaicum from Biarritz (figured in Boussac 1911: pl. 21, 
fig. 5) have thinner axial ribs than the fossils from Huesca 
and Navarre. 

Genus Amaea H. Adams & A. Adams, 1853

Subgenus Acrilla H. Adams, 1860

type species. — Scalaria acuminata Sowerby G.B. II, 1844 by 
original designation.

Amaea (Acrilla) pellati  
(De Raincourt & Munier-Chalmas, 1863) n. comb.  

(Fig. 9F)

Scalaria pellati De Raincourt & Munier-Chalmas, 1863: 203, 204, 
pl. 7, fig. 6a, b.

mAteriAl. — Pamplona Marl Formation: 1 fragmentary specimen 
from AZ1 section. Protoconch and aperture not preserved.

dimensions. — H = (20.0); W = (11.5).

description And remArks

Turriculate shell, highly convex whorls separated by deep 
sutures, regular cancellate sculpture with squares or, in some 
cases, rectangles with their longest axis in the axial direction. 
Quite similar to the specimens described as “Scalaria pellati” 
by Boussac (1911: 83, p. 21, figs 14, 16, 17, coll. Pellat) from 
the Rupelian of the Chambre d’Amour (Biarritz, southwestern 
Aquitaine Basin), one of which is the holotype of this species. 
The studied specimen also exhibits a general shape similar to 
that of two specimens from Barton-on-sea (MNHN.F.J12482, 
Cossmann coll.) assigned to Amaea (Acrilla) reticulata (Solan-
der in Brander, 1766) and to another two specimens of 
A. (A.) reticulata from Barton Beds-Barton-Highcliffe, fig-
ured by Morton (2018, http://www.dmap.co.uk/fossils/). 
However, in A. (A.) reticulata the ribs are far more protrud-
ing than the spiral cords, whereas in our specimen the axial 
and spiral sculptures show a similar development. Another 
morphologically close species is A. (A.) dubuissoni (Vasseur, 
1882). A specimen from the Bartonian of Bois-Gouët (Loire-
Atlantique; MNHN.F.J10308, Cossmann coll.) has, however, 
a more compressed reticulum in spiral direction, with a greater 
number of spiral cords that our specimen. 

Amaea (Acrilla) sp.  
(Fig. 9G)

mAteriAl. — Ardanatz Sandstone. 1 fragmentary specimen from 
AD sections (section and level unknown). AD2 section: 2 fragments 
from level AD2.1.

dimensions. — H > 24.0; W = 12.0.

description And remArks

The turriculate shell, convex whorls, finely cancellate sculp-
ture, with axial ribs slightly more protruded than the spiral 
cords and the presence of basal cord, allow these specimens 
to be compared to those collected from the Bartonian 
marls of San Román de Basa (Huesca, Jaca Basin, South 
Pyrenean area) and assigned by Villalta Comella (1956) 
to Amaea (Acrilla) reticulata (Solander in Brander, 1766). 
Villalta Comella (1956) pointed out the similarity of his 
specimens to some figured by Cossmann from the Eocene 
of Barton-on-Sea (Hampshire, England). Two specimens 
from Barton-on-sea (MNHN.F.J12482, Cossmann coll.) 
assigned to Amaea (Acrilla) reticulata also show a general 
shape similar to our fossils. However, in these specimens 
the number of axial ribs is lower, and the ribs are arranged 
more regularly and are more protruding than in the Ardan-
atz fossils. 

Superfamily eulimoideA Philippi, 1853 
Family eulimidAe Philippi, 1853

Genus Niso Risso, 1826

type species. — Niso eburnea Risso, 1826 by monotypy.

Niso cf. terebellata (Lamarck, 1804)  
(Fig. 9H)

Bulimus terebellatus Lamarck, 1804b: 291, 292.

mAteriAl. — Ilundain Marl Formation IV section: 1 incomplete 
specimen. 

dimensions. — H > 11.5; W = 5.2. 

description And remArks

This poorly preserved specimen is similar to that described 
and figured by Villalta Comella (1956: 128-129, pl. 1 
figs 2a, 2b) from the Bartonian marls of Isún de Basa 
(Huesca, Jaca Basin, South Pyrenean area), which was 
assigned to the species Niso terebellata (Lamarck, 1804). 
Years later this species was also cited in the nearby local-
ity of Yebra de Basa (Puigdefábregas 1975, determina-
tions by Villalta Comella). The more angled base and 
slightly convex, instead of flat, whorls differentiate these 
two South-Pyrenean specimens from those figured by 
the Cossmann & Pissarro (1907: pl. 7, fig. 51-1) from 
the Lutetian of Chaumont-en-Vexin (Paris Basin) and 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12482
http://www.dmap.co.uk/fossils/
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J10308
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J12482
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attributed to Niso terebellata. Interestingly, however, 
other Niso terebellata specimens figured in Caze et al. 
(2012: 41, pl. 15, figs A-C) from the Lutetian of Fer-
court (Oise) also shows a remarkable variability of these 
morphological features. 

 Clade (Infraorder) NEOGASTROPODA Thiele, 1929

Superfamily tonnoideA Suter, 1913

Based on molecular phylogenetic analyses, the superfamily 
Tonnoidea is now placed in the clade Neogastropoda (Colgan 
et al. 2007; Cunha et al. 2009).

Family rAnellidAe Gray, 1854

Genus Sassia Bellardi, 1873

type species. — Triton apennincum Sassi, 1827 by subsequent 
designation (Cossmann 1903).

Sassia (s.l.) sp. 1  
(Fig. 9I)

mAteriAl. — Ilundain Marl Formation: two specimens from IV sec-
tion. Last whorl incomplete abapically.

dimensions. — H > 10.8; W = 6.5.

description

Protoconch homostrophic, multispiral, with about 3.5 whorls, 
smooth, quite large; teleoconchal sculpture nodulose, with 
4-5 primary cords (spiral ribs); profile of the whorls slightly 
keeled, angled, due to the greater development of the third 
nodulose cord (second primary cord?); 13 or more axial ribs 
per whorl; varices each around 120 degrees, the varix being 
especially strong on the last whorl.

remArks

Paleogene species of ranellids attributed to Sassia repre-
sent a polyphyletic assemblage including species of very 
different shapes. To clarify the systematic classification of 
this genus, a deep revision is necessary and for instance, 
we use Sassia (s.l.) for Paleogene species attributed to 
Sassia by the authors. The morphology of this specimen 
is close to that of fossils assigned to some Sassia (s.l.) 
species, such as Sassia (s.l.) scabriuscula (Deshayes, 1865) 
from the Bartonian of Paris basin, site of Le Guépelle, 
Saint-Witz (Val-d’Oise; MNHN.F.J13617, Cossmann 
coll.), and Sassia (s.l.) nodularia (Lamarck, 1803) from 
the Lutetian of Chaussy, Les Garennes (Val-d’Oise; 
MNHN.F.J13606, Cossmann coll.). Rouault (1850: 
pl. 18, figs 2, 3) described and figured two specimens as 
Triton nodularium Lamarck, 1803 from the Early Eocene 
of Bosdarros (southwestern Aquitaine Basin). Consider-
ing the figures given by Rouault these specimens from 

the Aquitaine Basin seem morphologically close to our 
fossils, but they are juvenile. Cossmann (1923: pl. 6, 
figs 16-17) figured adult of this species from the Early 
Eocene of Gan under the name Sassia (s.l.) delafossei 
(Rouault, 1850), and they display a very different mor-
phology. The morphology of our fossils is also similar 
to that of Sassia (s.l.) biarritzense (Oppenheim, 1906), 
from the Bartonian-Priabonian marls of the Côte des 
Basques (Biarritz, Côte des Basques Marls Formation, 
southwestern Aquitaine Basin), although the spiral sculp-
ture is perhaps less nodulose in the latter species (?) (see 
Oppenheim 1906: pl. 9, fig. 2; Boussac 1911: pl. 12; 
fig. 8). The slightly keeled profile of the whorls of our 
specimens – in S. (s.l.) scabriuscula and S. (s.l.) nodularia 
whorls are more convex-sided – is closer to a specimen 
described by Villalta Comella (1956: 64, 7, fig. 2) from 
the Bartonian marls of San Román de Basa (Huesca, Jaca 
Basin, South Pyrenean area) and assigned to Sassia (s.l.) 
arguta (Solander in Brander, 1766).

Sassia s.l. sp. 2  
(Fig. 9J, K)

mAteriAl. — Ardanatz Sandstone. 2 fragmentary specimens from 
AD sections (section and level unknown).

dimensions. — Largest specimen. H > 29; W = 18.

description

Biconic shell of four elevated teleoconch whorls (protoconch 
not preserved), last whorl inflated. Suture relatively deep. 
Varices smooth, rounded and rather developed. Around 8 
to 9 varices per whorl. Spiral sculpture with well developed 
primary cords. On first visible whorl: P1, P2 and P3 close 
to the suture; on second to fourth whorl: IP, P1 to P3. No 
threads. No shoulder. Intersection between axial and spiral 
sculpture without nodules. Aperture not preserved.

remArks

This species differs from the Sassia (s.l.) sp. 1 by the lower 
shape of its spire, by its deeper suture and by lacking nod-
ules at the intersection beween axial and spiral sculpture. 
This species belongs to a group of non nodulose Sassia 
(s.l.). In the Late Paleocene S. (s.l.) antiqua Deshayes, 
1865 from the Thanetian of the Paris Basin displays a 
similar sculpture. In the Rupelian, two other species bear 
sculptural similarities with Sassia (s.l.) sp. 2: Sassia (s.l.) 
flandrica (de Koninck, 1838) and Sassia (s.l.) subspinosa 
(Grateloup, 1833). In S. (s.l.) flandrica (de Koninck, 1838) 
from northern Europe, the spire is higher than in Sassia 
(s.l.) sp. 2, the suture shallower and the spiral cords are 
less marked. Sassia (s.l.) subspinosa looks like more Sassia 
(s.l.) sp. 2 in bearing a deep suture and marked primary 
cords. However, on the last whorls of S. (s.l.) subspinosa, 
the intersection points between the primary cords and the 
axial sculpture are moderately spiny, whereas they are not 
in Sassia (s.l.) sp. 2.

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J13617
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J13606
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Superfamily buccinoideA Rafinesque, 1815 
Family buccinidAe Rafinesque, 1815 

Genus Metula H. Adams & A. Adams, 1853

Subgenus Celatoconus Conrad, 1862

type species. — Buccinum protractum Conrad, 1862 by monotypy.

Metula (Celatoconus) sp.  
(Fig. 9L)

mAteriAl. — Ilundain Formation, IV section: 2 fragmentary speci-
mens. Aperture not preserved.

dimensions. — H > 15.0; W = (9.0). 

description And remArks

Shell with at least 7 teleoconch whorls; protoconch not 
well preserved, with at least 1.5 smooth convex whorls; 
teleoconch whorls convex, somewhat inflated in the abapi-
cal half; adult teleoconch cancellated, sculpture with 7 or 
more barely marked spiral cords, and 35 or more stronger 
ortocline or slightly opisthocline axial ribs, more prominent, 
with beaded or slightly nodous intersections with spiral 
cords; separation between the first and second spiral cord 
slightly larger and more pronounced than among other 
cords, producing a slight differentiation of an adapical 
beaded cord just below the sutures.

The studied fossils are similar to those of the species 
Metula (Celatoconus) subdecussata (d’Orbigny, 1850) from 
the Lutetian (Bartonian) of Mouchy-le-Châtel (Oise) 
(Cossmann & Pissarro 1911: 37; fig. 182-1) and M. (C.) 
biarritzensis Oppenheim, 1906 from the Bartonian of 
the Côte des Basques (Biarritz, Côte des Basques Marls 
Formation, southwestern Aquitaine Basin) (Oppenheim 
1906: 86, 9, fig. 11a-c; Boussac 1911: 54). On the con-
trary, the studied specimens differ from M. (C.) vasseuri 
Cossmann, 1885, from the Lutetian of Grignon (Yvelines; 
MNHN.F.J02620), by their more elongated and slender 
spire, and by their axial sculpture, more developed than the 
spiral cords. Unfortunately, the available material does not 
allow further assessments.

Family fAsciolAriidAe Gray, 1853 
Genus Clavilithes Swainson, 1840

Subgenus Clavellofusus Grabau, 1904

type species. — Clavellofusus spiratus Grabau, 1904 by original 
designation.

Clavilithes (Clavellofusus) cf. parisiensis  
(Mayer-Eymar, 1876)  

(Fig. 9M-P)

Fusus parisiensis Mayer-Eymar, 1876 : 89.

mAteriAl. — Ardanatz Sandstone. 3 fragmentary specimens from 
AD sections (sections and levels unknown). AD1 section: 2 frag-
mentary specimens from level AD1.3. AD2 section: 2 fragmentary 
specimens from level AD2.1. Protoconch absent and last whorl and 
aperture incomplete in all specimens.

dimensions. — Largest specimen. H > 33.0; W = (23.0).

description

Medium-sized shell, spire long and slender, whorls convex, well 
marked cancellate sculpture and protruding axial ribs (varices) 
swollen near the middle part, 6-7(young spire)-9 (adult spire) axial 
ribs per whorl; last whorl barely ornamented (smooth surface) 
and very big respect to the spire, bell shaped (campaniform), 
with sharp shoulder, projected abaxially in one of the specimens. 

remArks

Despite the poor preservation of the specimens, the large size 
of the last whorl with respect to the spire and the teleoconchal 
sculpture, with heavily ornamented spire and smooth last whorl, 
suggest the studied specimens are close to the genus Clavilithes 
and, more specifically, to the species Clavilithes (Clavellofusus) 
parisiensis (Mayer-Eymar, 1876). The presence of Clavilithes 
in fossil assemblages from the Eocene of the South Pyrenean 
area was previously noted by Villalta Comella (1956), who 
described and figured several fossils assigned to Clavilithes 
maximus (Deshayes, 1835) and C. (Rhopalithes) sp. (Villalta 
Comella 1956: 185-187, pls 7, 8, figs 4a-4b, 6a, 6b), from the 
Bartonian marls of San Román de Basa (Huesca, Jaca Basin). 
The specimens from Navarre are quite similar to the latter.

Superfamily muricoideA Rafinesque, 1815 
Family muricidAe Rafinesque, 1815 

Genus Paziella Jousseaume, 1880

Subgenus Flexopteron Shuto, 1969

type species. — Flexopteron philippinensis Shuto, 1969 by original 
designation.

Paziella (Flexopteron) sp. 
(Fig. 9Q, R)

mAteriAl. — Ardanatz Sandstone. AD2 section: one incomplete 
specimen from level AD2.1.

dimensions. — H = 28.0; W = (22.0), shell incomplete. 

description 
Medium-sized and biconic shell. Three last whorls preserved. 
Shallow suture. Spiral sculpture with moderately marked 
spiral cords, except P1 (shoulder spine). P2 developed on 
the two last whorls. In some parts of the shell, surface cov-
ered by threads. P1 and P2 spiny on the last whorls. Axial 
sculpture of simple lamellar varices of one layer. Around 
8-9 varices by whorl. No intervarical ribs. Fine micro-axial 
ribs (visible on the early whorls) covering the surface of the 
shell and crossing the spiral threads. Aperture not preserved.

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J02620
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remArks

By its sculpture of threads and fine micro-axial ribs, this 
specimen superficially resembles Murex subfiligrana Tournouër 
in Bouillé, 1876 (a junior subjective synonym of Pterynotuis 
(Pterymarchia) defensus (Fuchs, 1870), Priabonian from Italy) 
from the Priabonian marls of Côte des Basques (Biarritz, 
Côte des Basques Marls Formation, southwestern Aquitaine 
Basin; Bouillé 1876: pl. 3, fig. 7; Merle 1994: figs 7-8; Merle 
et al. 2011: pl. 89, figs 7-9). However, it strongly differs by 
lacking intervarical ribs. The shape and the sculpture fit 
more with Paziella (Flexopteron). Usually members of this 
subgenus don’t exhibit threads and micro-axial ribs, and in 
the Paleogene from Europe few species display this type of 
sculpture (Paziella (Flexopteron) elatior (von Koenen, 1889) 
from the Middle-Late Eocene of France and Germany and 
P. (F.) subplicatilis (Wrigley, 1930) from the Middle Eocene 
from England; see Merle et al. 2011: pl. 138). A very simi-
lar micro-sculpture is shared with P. (Flexopteron) vanuxemi 
(Conrad, 1865) from the Middle Eocene of Alabama, Texas, 
Louisiana and Mississippi (see Merle et al. 2011: pl. 140). 

Family volutidAe Rafinesque, 1815 
Genus Athleta Conrad, 1853

Subgenus Volutospina Newton, 1906

type species. — Conus spinosus Linnaeus, 1758 by original designation.

Athleta (Volutospina) delvallei  
Astibia, Merle & Pacaud, n. sp. 

(Fig. 10A-E)
urn:lsid:zoobank.org:act:B67FFC21-062F-42A1-AF34-71DDFB2BBC60

type mAteriAl. — IV.5 (holotype) (Fig. 10A, B); IV.11, IV.12, 
AD2.1.14, AD.34 (paratypes). Aperture incomplete, siphonal 
canal broken.

diAgnosis. — Shell biconic, short and conical spire; protoconch 
homeostrophic paucispiral; teleoconch multiwhorled; adult whorls 
shouldered with spiny tubercles and a nodule abapically from each 
spine; shoulder protrudes as a sharp border over the last whorl; 
aperture long (?), with about 5 or more columellar oblique folds; 
surface of the last whorl with smooth and straight axial costae.

other mAteriAl exAmined. — Ardanatz Sandstone. Four speci-
mens from AD sections (sections and levels unknown). AD2 sec-
tion: six specimens from level AD2.1; AG1 section: three specimens 
from level AG1.3. Ilundain Marl Formation, three specimens from 
IV section. All incomplete specimens, protoconch and outer lip 
and siphonal region of the aperture generally not being preserved.

type locAlity. — Itzagaondoa valley (Navarre, western Pyrenees), 
Bartonian-?early Priabonian (Middle-?Late Eocene) (Fig. 1).

dimensions. — Holotype. H > 25.0; W = (19.0) (incomplete 
specimen, about 35.0 high complete?).

etymology. — Species dedicated to Dr Joaquín del Valle de Ler-
sundi Mendizabal (1923-2009), mining engineer and passionate 
researcher of the geology of Navarre and the Pyrenees.

description

Shell medium-sized, biconic, with short and conical spire; 
protoconch homeostrophic paucispiral, with 2-2.5 (?) smooth 
whorls and transition to the teleoconch indistinct; about five 
teleoconch whorls; whorls shouldered, concave above the 
shoulder, convex below; teleoconchal sculpture with spiny 
tubercles (spinose cord) on shoulder of the last or body whorl 
and above sutures of spire whorls. Abapically, each spine there 
is a nodule, less protuberant and separated from the spine by 
a groove. The shoulder protrudes as a sharp border over the 
last whorl, forming a shirttail-like oblique surface except at 
the end (aperture zone) of the last whorl; the shirttail-like 
shoulder exhibits a thin axial striation; growth-lines ortoclines-
prosoclines; aperture long (?), with about 5 or more inner lip 
(columellar) oblique folds. Smooth and straight axial costae 
marked on the surface of the last whorl.

remArks

Ruiz de Gaona & Colom (1950) mentioned the presence of 
fossils of Voluta sp. from the locality of Ardanatz-Eguesibar. 
D’Archiac (1850) cited an incomplete specimen of Voluta 
from the Eocene of Biarritz (southwestern Aquitaine Basin). 
Puigdefábregas (1975, determinations by Villalta Comella) 
pointed out the presence of Voluta hericorum Oppenheim 
and Volutilithes (Volutocorbis?) pyrenaica Villalta Comella, 
1956 in the Bartonian localities of Isún de Basa and Yebra 
de Basa (Huesca, Jaca Basin, South Pyrenean area), respec-
tively. Unfortunately, figures were not included in any of 
the cases. The teleoconchal shoulder with spine-tuber pairs 
of our specimens is a feature that appears in some species of 
Athleta (Volutospina), as for example in A. (V.) spinosus (Lin-
naeus, 1758) (see Courville et al. 2012), but tubers are not 
as developed as in A. (V.) delvallei Astibia, Merle & Pacaud, 
n. sp. An approximately similar sculpture can be observed 
in Athleta (Volutopupa) intercrenatus (Cossmann & Pissarro, 
1909) from the lowermost Eocene Lakhra Formation (Pakistan) 
(Merle et al. 2014), but the general morphology of the shell is 
very different. Athleta (V.) delvallei Astibia, Merle & Pacaud, 
n. sp. has more angular shoulder, a spiny shell and axial ribs 
of the last whorl much less marked than in A. intercrenatus.

Superfamily conoideA Fleming, 1822 
Family conidAe Fleming, 1822

Conidae indet.  
(Fig. 10F-H)

mAteriAl. — Ardanatz Sandstone. 2 incomplete specimens from 
AD section (levels unknown). Ilundain Marl Formation, IV section: 
1 incomplete specimen.

dimensions. — Largest specimen. H > 27.0; W = (20.0).

description And remArks

Shell cone-shaped, with a low, conical spire; whorls shoul-
dered, slightly concave above the shoulder. Sculpture reduced, 
tuberculate on shoulder (more marked in the young spire), 

http://zoobank.org/urn:lsid:zoobank.org:act:B67FFC21-062F-42A1-AF34-71DDFB2BBC60
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with 5-6 fine spiral cords and opisthocirtic growth lines. 
Aperture not preserved. Ruiz de Gaona (1947), Mendizábal & 
Ruiz de Gaona (1949) and Ruiz de Gaona & Colom (1950) 
cited the presence of fossil Conidae (“Conus rouaulti” and 
Conus sp.) in the locality of Ardanatz-Eguesibar. Conus 
rouaulti d’Archiac, 1850 (synonym of Conasprella rouaulti 
(d’Archiac, 1850), see Pacaud 2016) was defined in the 
Eocene of Biarritz (d’Archiac 1850: 13, fig. 22a). The 
studied specimens share the tuberculate shoulder with 
Conasprella rouaulti, but they do not have the grainy spiral 
cord accompanying the suture, as described by d’Archiac for 
the fossils from Biarritz. In C. rouaulti the spire is higher 
and the borders are straighter than in our specimens. The 
low spire and concave borders of our specimens are closer 
to species such as Eoconus diversiformis (Deshayes, 1835) 
from the Eocene and Oligocene of France (Paris Basin, 
Contentin, etc.), England, Belgium (Bruxelles) and Italy 
(Roncà and San Gonini) (Cossmann & Pissarro 1910-
1913: pl. 48, fig. 214-7; Brébion 1992; Courville et al. 
2012: pl. 11, figs 1-4, 6, 11-12; MNHN.F.J15126, J15133, 
A30836). Unfortunately, the available material prevents 
further assessments.

Family turridAe H. Adams & A. Adams, 1853 
[Cochlespiridae Powell, 1942]

Genus Nihonia MacNeil, 1960

type species. — Nihonia shimajiriensis MacNeil, 1960.

Nihonia aff. transversaria (Lamarck, 1804) n. comb. 
(Figs 3D-E; 10I-L)

Pleurotoma transversaria Lamarck, 1804a: 166.

Surcula transversaria – Villalta Comella 1956: 209-211, pl. 10, 
figs 4a-4b.

mAteriAl. — Ardanatz Sandstone. 2 incomplete specimens from 
AD sections (levels unknown). AD2 section: 1 incomplete speci-
men from level AD2.2. Ilundain Marl Formation, IV section: 1 
incomplete specimen (?). Aperture absent in all cases. 

dimensions. — Largest specimen. H > 27.0; W = (14.5).

description And remArks

Fusiform in shape, with high slender spire; abapical part 
of the whorls convex-sided, slightly angled, with at least 
two weak spiral cords; adapical half of whorls less convex 
with a weak cord in the middle part. Spiral sculpture barely 
marked, cords and intermediate threads are more visible 
on the last whorl of one specimen. Axial sculpture cannot 
be observed.

The overall shape is close to that of the specimen of Sur-
cula transversaria nantheuilensis de Boury, 1899 (synonym 
of Nihonia transversaria nantheuilensis (de Boury, 1899)), 
figured by Cossmann & Pissarro (1910-1913: pl. 50, fig. 223 

bis-1’) from the Bartonian of Jaignes (Paris Basin). However, 
the latter, perhaps due to its good preservation, presents 
the spiral ornamentation significantly more marked than 
that of our specimens. A specimen described and figured by 
Villalta Comella (1956: 209-211, pl. 10, figs 4a-4b) from 
the Bartonian of San Román de Basa (Huesca, Jaca Basin, 
South Pyrenean area), which exhibits lesser spiral sculpture 
than the specimen from Jaignes and was assigned to Surcula 
transversaria, is very similar to the fossils from Navarre. 

Genus Surculites Conrad, 1865

type species. — Surcula annosa Conrad, 1865 by monotypy.

Surculites sp. (Fig. 10M)

mAteriAl. — Ilundain Marl Formation, IV section: 2 fragmentary 
specimens. Protoconch and aperture not preserved.

dimensions. — The specimen is fragmentary and its original 
dimensions cannot be determined.

description And remArks

Conical spire; teleoconch prominently shouldered, strongly 
carinated in the central region of the whorls, sutural 
ramp concave; well marked, stepped, sutures; axial sculp-
ture formed by numerous, rather irregular and narrow, 
opisthocline costae, reaching from suture to suture on 
spire; spiral sculpture very weak, with numerous closely 
spaced threads.

Despite the fragmentary state of the available material 
the morphology of the spire is coincident with that of the 
genus Surculites Conrad, 1865. Surculites is present in the 
Eocene (Ypresian-Bartonian) from the Paris and Hampshire 
basins, in the Atlantic area (Surculites errans (Solander in 
Brander, 1766), Surculites bonneti (Cossmann, 1889), and 
Surculites vicenti Glibert, 1938; colls. Cossmann and Van 
Hyfte, MNHN.F.J14181, J14183, J14184, A51217), and 
also in the Corbieres, Eastern Pyrenees (Surculites bonneti 
(Cossmann, 1889), coll. Cossmann MNHN.F.J14186). 
The morphology of the specimens studied is close to that of 
S. errans from the Bartonian of Barton-Highclife and New 
Forest (England, colls. Smith and Morton [http://www.dmap.
co.uk/fossils/] and coll. Cossmann, MNHN.F.J14184), but 
the scarce material prevents further assessments.

Clade (Superorder) HETEROBRANCHIA 
Unassigned HETEROBRANCHIA 

Superfamily mAthildoideA Dall, 1889 
Family mAthildidAe Dall, 1889

Genus Mathilda Semper, 1865

type species. — Turbo quadricarinatus Brocchi, 1814 by subsequent 
designation (de Boury 1883).

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J15126
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J15133
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/A30836
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J14181
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J14183
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J14184
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/A51217
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J14186
http://www.dmap.co.uk/fossils/
http://www.dmap.co.uk/fossils/
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J14184
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fig. 10. — Fossils of gastropods from the Eocene (Bartonian-?Priabonian) marly formations of the Pamplona Basin and surrounding areas (Navarre, western Pyr-
enees): A-E, Athleta (Volutospina) delvallei Astibia, Merle & Pacaud, n. sp.: A, B, IV.5, holotype, apertural and dorsal views; C, AD2.1.14, apertural view; D, IV.34, 
oblique dorsal view; E, AD.34, apertural view; F-H, Conidae indet.: F, G, AD.35, oblique dorsal and apical views; H, IV.35; I-L, Nihonia aff. transversaria (Lamarck, 
1804) n. comb.: I, J, AD.17; K, L, AD2.2.1; M, Surculites sp., IV.36; N, Mathilda sp., IV.37. Scale bars: 5 mm.
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Mathilda sp. (Fig. 10N)

mAteriAl. — Ilundain Marl Formation, IV section: one fragmentary 
specimen. Protoconch and aperture missing.

dimensions. — H > 11.5; W = (8.0).

description

Teleoconch whorls frustoconical, moderately convex; deep 
sutures; cancellate shell sculpture; main spiral ornament 
consists of 3(-4) strong cords, the strongest being the third 
from the adapical suture, with wider interspaces; axial sculp-
ture consists of numerous orthocline-opistocirtic ribs weaker 
than the spirals.

remArks 
The genus Mathilda is common in the Eocene of Northern 
France and Southern England in the Atlantic area (Paris 
Basin, Loire-Atlantique, Hampshire Basin), being also 
present in the Eocene (Ypresian-early Lutetian) of Lillebelt 
Clay (Denmark) (Schnetler & Heilmann-Clausen 2011). 
The described specimen bears some resemblance to those 
of Mathilda bourdoti (de Boury, 1883) from the Lutetian 
of Parnes (Oise, MNHN.F.J02403) and the Bartonian of 
Lower Barton Bed A3 (Barton-Highcliffe) (coll. Morton, 
http://www.dmap.co.uk/fossils/).

However, the shape of our specimens’ whorls is frusto-
conical and more angular (whorl profile frustate) than in 
M. bourdoti, which exhibits convex-shaped whorls. Mathilda 
bourdoti has a lower number of main spiral cords than 
M. baylei (de Boury, 1883) from the Lutetian of Hérouval 
(Oise, MNHN.F.J02402) and Upper Bracklesman Beds 
(New Forest) (coll. Morton, http://www.dmap.co.uk/fos-
sils/), and even less than M. cossmanni (de Boury, 1883), 
from the Lutetian of Parnes (Oise, Picardie, holotype 
MNHN.F.J02404). The axial ribs of our specimen and 
M. bourdoti are weaker than those of M. baylei and M. coss-
manni. The teleoconchal sculpture of our studied specimen 
differs from that of other Eocene Mathilda species, such 
as M. crossei (de Boury, 1883), M. serrata Semper, 1865 
and M. abbreviata Gougerot & Le Renard, 1981 (colls. 
Morton and Tracey, http://www.dmap.co.uk/fossils/), all 
of which have strong and continuous spiral cords and very 
weak axial ribs. The genus Mathilda has also been reported 
from the Paleogene series of the North Pyrenean area, in 
the outcrop of Villa Lady Bruce, near the town of Biarritz 
(Bartonian-Priabonian, Côte des Basques Marls Forma-
tion, southwestern Aquitaine Basin) (Bouillé 1876: 60, 
pl. 3, fig. 4). The species M. biarritzensis was erected for 
the latter (Tournouër in Bouillé 1876), but both the fossil 
described by Tournouër and the material from Navarre are 
fragmentary, preventing classification beyond genus level. 

Class BIVALVIA Linnaeus, 1758 
Subclass AUTOBRANCHIA Grobben, 1894 
Infraclass PTERIOMORPHIA Beurlen, 1944 

Order ARCIDA J. Gray, 1854 

Superfamily ArcoideA Lamarck, 1809 
Family glycymerididAe Dall, 1908 (Leach in J. Gray 1847)

Genus Glycymeris Da Costa, 1778

type species. — Arca glycymeris Linnaeus, 1758 by tautonymy.

Glycymeris jacquoti (Tournouër in Bouillé, 1873) 
(Fig. 11A-D)

Pectunculus jacquoti Tournouër in Bouillé, 1873: 41, pl. 8, fig. 1.

Complete synonymies in Abad (2001: 374).

mAteriAl. — Ilundain Marl Formation, IV section: four specimens. 

dimensions. — H = 14.0-22.9; L = 14.2-19.8; W = 7.1-14.5.

description

Small to medium sized; glycymeriform shell (sensu Carter et al. 
2012), bi-convex, equivalve, somewhat inequilateral, slightly 
longer than wider, bulged in the central part; short and straight 
cardinal margin; reduced ligamental area, rounded and crenulated 
ventral margin; umbones hardly prominent, slightly oblique. 
Outer surface of the shell ornamented with more than twenty 
(23-24) finely granulated main radial ribs and wide intercostal 
spaces; numerous growth lines parallel to the outer contour of 
the shell. The characteristics of the interior of the shell cannot 
be observed, as all the specimens contain the two valves.

remArks

This species was defined by Tournouër (in Bouillé 1873: 8, fig. 1) 
in the Eocene of Biarritz (southwestern Aquitaine Basin), being 
later described and figured by Boussac (1911: 10, fig. 3) and 
Cossmann, (1921: 8, figs 31-34) in the same area (outcrops of 
Côte des Basques and Lady Bruce, Bartonian-“Auversian”, Côte 
des Basques Marl Formation). G. jacquoti is a common species in 
the Mediterranean region (Combes [Dauphiné], Puget-Théniers 
[Provence-Alpes-Maritimes], Sant Llorens dels Piteus [Catalan 
Pyrenees], Borgo Valsugana [East Trentino Province, Italy, Early 
Oligocene]) (Boussac 1911; Cossmann 1921; Boschele et al. 
2011). Almela & Ríos (1951) cited the presence of this species 
in the Bartonian of Yebra de Basa (Huesca, Jaca Basin, South 
Pyrenean area). Abad (2001) recognized this species in several 
localities from the Eocene (Bartonian-Priabonian) of Igualada 
and Vic regions (Catalonia), in the eastern part of the Ebro Basin.

Order OSTREIDA Férussac, 1822 
Suborder OSTREIDINA Férussac, 1822 

Superfamily ostreoideA Rafinesque, 1815 
Family gryphAeidAe Vialov, 1936 

Subfamily picnodonteinAe Stenzel, 1959

Genus Pycnodonte Fischer de Waldheim, 1835

type species. — Pycnodonte radiata Fischer de Waldheim, 1835 
by original designation. 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J02403
http://www.dmap.co.uk/fossils/
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J02402
http://www.dmap.co.uk/fossils/
http://www.dmap.co.uk/fossils/
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J02404
http://www.dmap.co.uk/fossils/
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fig. 11. — Fossils of bivalves from the Eocene (Bartonian-?Priabonian) marly formations of the Pamplona Basin and surrounding areas (Navarre, western Pyr-
enees): A-D, Glycymeris jacquoti (Tournouër in Bouillé, 1873): A, B, IV.39, left valve, external and umbonal views; C, D, IV.38, left valve, external and umbonal 
views; E-L, Pycnodonte brongniarti (Bronn, 1831): E, F, IV.9, left and right valves, external views; G, H, IV.40, right valve, internal and external views; I, IV.42, 
right and left valves, external views; J, IV.42, left valve, anterior view; K, L, IV.41, left and right valves, external views; M, N, Hyotissa martinsii (d’Archiac, 1850), 
AD.38, left valve, internal and external views; O, Chlamys cf. biarritzensis (d’Archiac, 1846), AD.39, right valve?; P, Chlamys infumata (Lamarck, 1806), AD6.1.1. 
Scale bars: A-H, O, P, 5 mm; M, N, 50 mm.
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Pycnodonte brongniarti (Bronn, 1831) 
(Fig. 11E-L)

Gryphaea brongniarti Bronn, 1831: 630.

Complete synonymies in Abad (2001: 548).

mAteriAl. — Ilundain Marl Formation, IV section: 37 specimens; 
16 of them incomplete; 5 left valves, three of them incomplete; 7 
right valves. 

dimensions. — See Table 1.

description 
Medium sized; gryphaeiform shell (sensu Carter et al. 2012) 
strongly inequivalved, inequilateral and irregularly shaped, 
longer (higher) than wider. Left valve strongly convex, 
arched; umbo prominent and recurved, prosogyrate, with 
straight and diverging side edges; radial posterior sulcus 
originating below umbonal area, leading to the develop-
ment of an ala or lobe, convex, which can be projected 
backwards prominently in the largest specimens; external 
ornament smooth, with low, irregular growth line welts; 
interior of left valve smooth; ligamental pit small, subtri-
angular, with rectilinear growth-lines parallel to the base; 
shallow resilifer; little vermiculate chomata, more-or-less 
perpendicular to the edge of the shell, more evident in the 
posterior margin; commissure line well marked; adductor 
muscle scar small, sub-circular, situated just posterior to 
the centre of valve. 

Right valve much smaller, concave to flat, as an operculum; 
ventral (pallial) area semicircular; dorsal (umbonal) area 
narrower, with rectilinear umbo; external ornamentation 
smooth, with low, irregular growth-line welts; ligamental 
pit morphology similar to that of the left valve but turned 
back with an angle with the inner surface greater than 90°; 
vermiculate chomata not very extensive, more developed 
in the posterior margin of the valve; adductor muscle scar 
semicircular to ovoid shaped located just posterior to the 
centre of valve.

remArks

The samples exhibit a remarkable morphological variabil-
ity, especially in the development, width and curvature of 
the umbo, as well as in those of the groove (sulcus) and 
posterior lobe of the shell.

Pycnodonte brongniarti is quite similar to the species 
Pycnodonte pharaonum (Oppenheim, 1903) but, according 
to Abad (2001), it differs by having a more rounded anter-
oposterior profile of the left valve than that of P. pharao-
num, which can be very sharp with a keeled profile, and by 
the absence of one or two hyote spines, which are instead 
often present in the latter species. Pycnodonte brongniarti 
differs from the Cretaceous species P. vesicularis (Lamarck, 
1806) because its wing shaped posterior lobe is absent in 
the latter and by their different ligamental pit morpholo-
gies (Abad 2001).

Pycnodonte brongniarti has a wide biostratigraphic and 
paleobiogeographic distribution, Paleocene-Miocene, 

throughout northern Africa and southern Eurasia. Pyc-
nodonte brongniarti is abundant in numerous localities of 
the Eocene (Bartonian-Priabonian) of Igualada and Vic 
regions (Catalonia), in the eastern part of the Ebro Basin. 
The dimensions of our material match the higher end of the 
biometric range of P. brongniarti provided by Abad (2001: 
fig. 170) from the site of El Saió, in the upper part of the 
Igualada Formation (Priabonian, Cascella & Dinarès-Turell 
2009; Costa et al. 2013). However, the development of the 
sulcus and the posterior lobe of the left valve are bigger in 
some of our specimens than in those figured by Abad (2001) 
from the Eocene of the Camí a Serramitja site (Vespella 
marls, Gurb, Vic region).

Pycnodonte brongniarti is also present in the upper part 
(lower Oligocene, Rupelian?) of the Paleogene series of 
the Basque Coast (southwestern Aquitaine Basin), more 
specifically on the site Chambre d’Amour (Anglet/Angelu), 
being first referred to as “Ostrea vesicularis” by d’Archiac 
(1846) and figured later by the same author (d’Archiac 
1850: pl. 13, fig. 24). Tournouër (in Bouillé 1873: pl. 7, 
figs 1-3) described fossils of P. brongniarti – classified as 
“Ostrea brongniarti” and Ostrea vesiculosa Sowerby var. 
nummulítica (Ostrea (Gryphaea) vesiculosa nummulitica 
Tournouër, 1873; MNHN.F.B20990) – from outcrops of 
the Phare de Biarritz and Chambre d’Amour. However, 
following the description by Abad (2001) both “Ostrea 
vesicularis” and O. vesiculosa var. nummulitica fit within the 
range of variability of P. brongniarti. Tournouër (in Bouillé 
1876) also cited the presence of “Ostrea brongniarti” in La 
Gourèpe (?), Chambre d’Amour, Roche d’Haïtzar and Lou 
Cout. Boussac (1908, 1911) confirmed the occurrence of 
“Ostrea brongniarti” in the Oligocene of Anglet and Biarritz, 
in the sections Chambre d’Amour and Le Phare. Cossmann 
(1921: 12, figs 28-30) also described fossils of “Liostrea 
(Pycnodonta) brongniarti” from the same (Rupelian?) out-
crops of the Aquitaine Basin. 

Genus Hyotissa Stenzel, 1971

type species. — Mytilus hyotis Linnaeus, 1758 by original designation.

Hyotissa martinsii (d’Archiac, 1850)  
(Fig. 11M, N)

Ostrea martinsii d’Archiac, 1850: 438.

Complete synonymies in Abad (2001: 582).

mAteriAl. — Ardanatz Sandstone, 1 incomplete left valve (section 
and level unknown). 

dimensions. — H > 170.0; L = >200.0; W = (80.0).

description 
Incomplete left valve of a very large specimen. Irregular 
shape; growth striae well marked; three (antimarginal?) 
folds or ribs not very strong, with triangular profile and 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/B20990
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more or less perpendicular to the growth lines. Internal 
surface smooth; adductor muscle scar net, with irregular 
ovoid contour and fine striae parallel to its lower margin. 
The specimen has a strongly concave attachment area, large, 
forming a natural cast that reflects a root or woody stem 
(substratum bioimmuration, xenomorphic sculpture; see: 
Autoecological remarks). 

remArks

Hyotissa martinsii was described by d’Archiac (1850) as “Ostrea 
martinsii” using one single fossil from the Eocene “Nummu-
litique” of Biarritz (southwestern Aquitaine Basin) (d’Archiac 
1850: 438, pl. 13, fig. 25). This specimen is much smaller and 
exhibits a greater number of ribs or folds than the fossil from 
Ardanatz Sandstone. According to Abad (2001), however, 
larger specimens of H. martinsii have more attenuated ribs. 
This can explain the morphological differences between our 
fossil and the specimen described by d’Archiac.

Morphologically and biometrically the studied specimen 
matches the larger specimens of H. martinsii from the Eocene 
regions of Igualada and Manresa (Catalonia), studied by 
Abad (2001). Pycnodonte gigantica (Solander in Brander, 
1766) is another Picnodonteinae, which can also reach a 
large size. The distinction between large-sized specimens of 
both species is not straightforward but, according to Abad 
(2001), H. martinsii has ribs, whereas they are absent in 
P. gigantica.

Order PECTINIDA J. Gray, 1854 
Suborder PECTINIDINA J. Gray, 1854 

Superfamily pectinoideA Rafinesque, 1815 
Family pectinidAe Rafinesque, 1815

Genus Chlamys Röding, 1798

type species. — Pecten islandicus Müller, 1776 by subsequent des-
ignation (Herrmannsen 1846).

Chlamys cf. biarritzensis (d’Archiac, 1846) 
(Figs 3A; 11O)

Pecten biarritzensis d’Archiac, 1846: 210, 211, pl. 8, fig. 9a, b.

Complete synonymies in Abad (2001: 419, 420).

mAteriAl. — Ardanatz Sandstone, numerous fragmentary speci-
mens and fragments from AD2 and AD3 sections.

dimensions. — Largest specimen. H = (28.0); L = (26.2).

description 
Shells with oval ventral outline, lateral margins slightly curved; 
sculpture composed of distinct radial ribs (costae) both exter-
nally and internally. Outer surface radial ribs three-lobed 
(ribbed) longitudinally, with trapezoidal-triangular sections, 
the central lobe being the most developed; intercostal spaces 
slightly narrower than the ribs. Scaled costal and intercostal 
external surfaces, with wavy and imbricated transverse stria-
tions (lamellae), especially marked on both sides of the ribs, 
with lobes on the crest of ribs pointing towards the ventral 
edge of the shell. 

remArks

Ruiz de Gaona & Colom (1950) indicate the abundance of 
“Pecten subtripartitus” in the sandstone levels of Ardanatz-
Eguesibar, forming true lumaquellas in some cases, such as 
in section AD3 (Fig. 3A).

The morphology of the studied specimens is similar to that 
of Chlamys biarritzensis (d’Archiac, 1846) and Chlamys sub-
tripartita (d’Archiac, 1850), described for the first time in the 
Eocene “Nummulitique” of Biarritz (southwestern Aquitaine 
Basin), especially to a fossil of “Pecten subtripartitus” figured by 
d’Archiac (1850: pl. 12, fig. 16). The species C. biarritzensis 
and C. subtripartita from Biarritz were described and figured 
again by Boussac (1911: pl. 3, figs 4, 5, 7, 9, pl. 7, fig. 6, pl. 17, 
fig. 9) and Cossmann (1921: pl. 10, figs. 39-41, pl. 11, fig. 8). 
D’Archiac (1950) created several other species now assignable 
to the genus Chlamys. Tournouër in Bouillé (1876) stressed 
the difficulty to differentiate the species “Pecten subtripartitus”, 
“P. gravesi” and “P. subopercularis” created by d’Archiac, and 
suggested that all of them could be considered synonymous with 
“P. biarritzensis”. Boussac (1911) noted that the ornamentation 
is more marked and more squamous (scaly) in C. biarritzensis 
than in C. subtripatita, and that both species appear to be sepa-
rated stratigraphically (Handia levels for the former and Phare 
and Chambre d’Amour for the latter, among other outcrops). 
However, other authors, such as Oppenheim (1901), Fabiani 
(1915) and Piccoli & Mocellin (1962), considered both spe-
cies synonymous. Wozny (1977) regraded C. subtripartita as 
a subspecies of C. biarritzensis. Abad (2001) studied numer-
ous fossils from the Eocene of the Igualada, Manresa, Vic and 
Girona in Catalonia assigned to C. biarritzensis. This author 
indicated that specimens which approximate both C. biar-
ritzensis as C. subtripartita occur in the same sites, ruling out 
the temporality of these species and consequently considering 
them synonymous. Chlamys biarritzensis is present in many 
other Eocene (Lutetian-Priabonian) and Oligocene sites from 
Europe and North Africa (see Abad 2001). 

table 1. — Dimensions (in mm) of Pycnodonte brongniarti (Bronn, 1831) from the Eocene (Bartonian-?Priabonian) of the IV (Itzagaondoa Valley) section, upper-
most part of the Ilundain Marl Formation (Navarre, western Pyrenees). Abbreviations: see Material and Methods.

H L W
min  max n min  max n min  max n

Left valve 14.9 29.96 36.77 14 13.32 26.78 34.63 14 8.56 17.85 22.23 10
Right valve 9.81 14.97 20.51 13 7.88 14.01 22.65 13 1.57 3.28 5.77 13
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Chlamys infumata (Lamarck, 1806) 
(Fig. 11P)

Pecten infumata Lamarck, 1806: 354.

mAteriAl. — Ardanatz Sandstone, AD6 section: one incomplete 
specimen from level AD6.1. 

dimensions. — H = 17.8; L = 15.0; W = 3.6.

description And remArks

Shell elongate-ovate in outline, thin, equivalve; posterior ear 
partially preserved, with distinct radial ridges; outer radial 
sculpture with about 24 radial ribs (costae), tightly arranged. 
The central part of the ribs is quite smooth, except in those 
closer to the margins, which show visible concentric lamellae.

The tighter arrangement and less marked ornamentation 
of the radial costae differentiate this specimen from the spe-
cies Chlamys biarritzensis (d’Archiac, 1846) and makes it 
more closer to Chlamys infumata (Lamarck, 1806). The latter 
species was also reported (“Pecten infumatus”) by d’Archiac 
(1850) from the Eocene of Biarritz. Chlamys infumata has a 
wide biogeographic (Atlantic Area, Alps, Balkans, etc.) and 
stratigraphic (Ypresian-Bartonian) distribution (Abad 2001; 
Cossmann & Pissarro 1906: pl. 41, figs 131-15, 131-16, syn-
types MNHN.F.A58595, J06988, J07731, J04928, J04070, 
R53984, colls. Lamarck, Cossmann, Vasseur and Viaud).

Family spondylidAe J. Gray, 1826

Genus Spondylus Linnaeus, 1758

type species. — Spondylus gaederopus Linnaeus, 1758 by subsequent 
designation (Schmidt 1818).

Spondylus cf. caldesensis Carez, 1881 
(Figs 3G; 12A, B)

Spondylus caldesensis Carez, 1881: 311, pl. 4, fig. 22. pl. 7, fig. 1.

Complete synonymies in Abad (2001: 489).

mAteriAl. — Ardanatz Sandstone, AD5 section: 4 incomplete 
specimens and 1 incomplete right valve from level AD5.1 (c. level 
AD1.1-2). 

dimensions. — Largest specimen: H, right valve > 97.2, L > 60.0; 
H, left valve > 100.0, L > 80.0. 

description 
Large-sized shells, inequivalved, inequilateral, biconvex; right 
valve more convex and higher than the left valve, without any 
lamellose surface to attach to a hard substrate; umbo more 
developed and prominent than in the left valve; side margins 
fairly straight, forming an angle of about 90 degrees; posterior 
margin more developed than the anterior margin. Ornamenta-
tion of the two valves similar; about 9-10 radial costae (primary 
radial ribs) on right valve and 6-7 on left valve, with rounded 
sections and imbricated squamous (crenulated) surface with 

prominent growth-lines; thick spines irregularly distributed on 
costae, with a longitudinal groove on the bottom that results 
in a circumflex accent section. The spines are somewhat less 
marked on the left valve. Wide intercostal spaces, with 3-6 
(7) spinose, squamous, finer costellae, more o less developed 
(secondary and tertiary radial ribs). Small spines also of open 
inverted V cross section, crossed by commarginal growth striae 
welts. The hinge and cardinal areas, the ventral (pallial) margin 
and the internal surfaces of valves are not well preserved due 
to the fragmentary nature of the material.

remArks

The presence of Spondylus among the bivalves in the Eocene 
marly formations of Navarre was early mentioned by Ruiz 
de Gaona (1947), Mendizábal & Ruiz de Gaona (1949) and 
Ruiz de Gaona & Colom (1950), who cited the species Spon-
dylus eocenus Leymerie, 1881 in the Bartonian of Ardanatz-
Eguesibar. However, according to Carrasco (1994), S. eocenus 
has a subequivalve and subequilateral (orbicular outline) shell, 
both features being different to those in the studied specimens.

The above described features are more in line with the 
original description of S. caldesensis Carez, 1881, and match 
the characteristics which Carrasco (1994) and Abad (2001) 
attributed to S. caldesensis from several Catalan sites in the upper 
Bartonian (and most likely Priabonian) Igualada Formation, 
such as the Igualada, Manresa and Vic regions (Taberner et al. 
1999; Cascella & Dinarès-Turell 2009; Costa et al. 2013). 
However, our most complete specimen (AD5.1.2) is higher 
than the specimens measured by Abad (2001) from the sites 
of El Saió and C. Vilaseca (Sta. Margarida de Motbui) and 
Collsuspina (Vic), although our fragmentary sample does not 
allow precise assessments.

Other species of the genus Spondylus present in the Middle-
Upper Eocene of Catalonia are S. buchi Philippi, 1846, S. cis-
alpinus Brongniart, 1823 and S. radula Lamarck, 1806 (Abad 
2001). According to Carrasco (1994) and Abad (2001), the 
shell of S. buchi is, unlike that of S. caldesensis, almost equiv-
alve and sub-equilateral, pectiniforme, with short and angular 
intercostal spaces. The primary ribs of the former are more 
numerous than in S. caldesensis and have, unlike the species 
erected by Carez, angled sections. The central part of the ribs 
of S. buchi is smooth, with a few alternately arranged spines 
(one rib with spines and several without). The left valve only 
exceptionally has spines and, when present, they are very small.

The irregular distribution of the strong spines and the scaly 
surface of the costae, due to the strong and prominent growth 
striae and the wider intercostal surfaces (?), differentiate our 
specimens from S. cisalpinus. The latter are significantly 
larger than the largest specimens of S. radula measured by 
Abad (2001) and two specimens of the Cossmann collection 
(MNHN.F.J07457) from the Lutetian of Parnes (Oise, Paris 
Basin). Further taxonomic assessments are not possible with 
the available material.

The genus Spondylus has also long been known from the 
“Nummulitic” from Biarritz, in the Basque Coast (south-
western Aquitaine Basin). The classic studies by d’Archiac 
(1846, 1850), Rouault (1850), Bouillé (1876), Boussac 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/A58595
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J06988
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J07731
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J04928
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J04070
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/R53984
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J07457
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fig. 12. — Fossils of bivalves from the Eocene (Bartonian-?Priabonian) marly formations of the Pamplona Basin and surrounding areas (Navarre, western Pyr-
enees): A, B, Spondylus cf. caldesensis Carez, 1881, AD5.1.2, right and left valves, external views; C, D, Spondylus cisalpinus Brongniart, 1823 (ecomorph 
bifrons), AG1.4.4, double-valved fragmentary specimen, posterior and umbonal – dorsal – views; E, F, Spondylus sp., AD2.1.20, right and left valves, external 
view; G-K, Spondylus cisalpinus Brongniart, 1823: G, H, IV.6, right and left valves, external views; I, IV.6 right and left valves, anterior views; J, IV.43, left valve, 
external view; K, IV.43, right and left valves, posterior views; L, M, Spondylus planicostatus d’Archiac, 1847, IV.44, right and left valves, external views. Scale 
bars: A-D, G-K, 10 mm; E, F, L, M, 5 mm.
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(1908, 1911) and Cossmann (1921) reported, with descrip-
tions and figures, the presence of up to 12 species of this 
genus. The most frequently mentioned species are Spondylus 
subspinosus d’Archiac, 1847, S. buchi Philippi, 1846, S. plan-
icostatus d’Archiac, 1847, and S. nysti d’Archiac, 1846 in 
the Bartonian and Priabonian strata of the Biarritz-Anglet 
area. However, Boussac (1911) did not report S. caldesensis 
from the Paleogene of the Basque coast. This author and 
Abad (2001), in line with Oppenheim (1901), confirmed 
the synonymy between S. subspinosus and S.buchi. In fact, 
the morphology of the right valve of S. subspinosus figured 
by d’Archiac (1850: pl. 3, fig. 1) is very similar to that of 
S. buchi figured by Abad (2001: pl. 12, fig. 3) from the 
Eocene of Catalonia.

Spondylus cisalpinus Brongniart, 1823 (ecomorph bifrons) 
(Fig. 12C, D)

Spondylus bifrons Münster in Goldfuss, 1836: 99, 100, pl. 106, fig. 10.

mAteriAl. — Ardanatz Sandstone. AG1 section: 1 incomplete speci-
men with the umbonal region of the two valves from level AG1.4; 1 
fragmentary specimen from level AG1.3. Ilundain Marl Formation, 
ARR1 section: 1 fragment of left valve from level ARR1.1. 

description

Asymmetric valves, strongly convex; right valve with promi-
nent and recurved umbo, with a tiny attachment area; angle 
between anterior and posterior margins of about 90 degrees; 
about 12 radial costae, with numerous spines arranged quite 
regularly at short intervals; costae surface quite smooth, 
barely marked growth lines, narrow intercostal spaces with 
2-4 costulae. AG1.4.4 retains a small posterior ear with sinu-
ous striation (growth-lines) parallel to the lateral margin. Left 
valve with fewer and smaller spines.

remArks

The following characteristics differentiate these specimens 
from others described above and tentatively assigned to 
S. caldesensis: 1) The less marked spines of the left valve; 2) the 
more numerous spines, which are regularly arranged at short 
intervals on the ribs; 3) the smoother rib surface; and 4) the 
narrower intercostal spaces. These features are closer to the 
species S. cisalpinus Brongniart, 1823 and S. bifrons Münster 
in Goldfuss, 1840, both of which are known from several 
Eocene sites in Catalonia (Carrasco 1994: pl. 1, figs 1, 2; 
Abad 2001: pl. 13, figs 3-5, pl. 14, figs 1, 2). Zavarei (1973) 
included both species and S. nysti d’Archiac, 1846, in the 
same group (“Groupe de S. cisalpinus”). According to Car-
rasco (1994), the left valve of S. cisalpinus is flat, while that 
of S. bifrons is convex. According to Abad (pers. comm., via 
Calzada) S. cisalpinus and S. bifrons are synonymous. Spon-
dylus cisalpinus is known to have developed stronger spines 
(bifrons ecomorph) on muddy bottoms, such as is our case. 
Therefore, the studied specimens should be classified as either 
S. bifrons (sensu Carrasco 1994) or S. cisalpinus (ecomorph 
bifrons) (sensu Abad pers. comm.). 

Spondylus sp.  
(Fig. 12E, F)

mAteriAl. — Ardanatz Sandstone. 4 specimens from AD sections 
(levels unknown); AD2 section: 3 specimens, from level AD2.1; 
AG1 section: 1 specimen from AG1.4. 

dimensions. — Right valve. H = 6.0-14.9; L = 5.0-13.4; W = 3.6-7.8.

description

Small specimens, almost equilateral, rounded pallial margin; 
right valve more convex and spiny than the left valve; right 
umbo with a small attachment area more or less perpendicular 
to the umbo-pallial plane; costae with longitudinally grooved 
spines of circumflex in cross sections, costae surface between 
spines quite smooth. The right valve of specimen AD2.1.20 
(Fig. 12E, F) has 6(7) radial costae (primary radial ribs). 
About 3 secondary ribs are intercalated between primary 
ribs, with smaller spines. There are 2-4 tertiary spinulose 
ribs on each side between the primary and secondary ribs. 
However, on the right valve of another specimen there are 
about 11 radial costae, some less developed (secondary radial 
ribs), as well as another 2-4 costellae (tertiary ribs). Trigonal 
cardinal area, broad, elongated in the antero-posterior sense, 
concave, bounded by more or less equal ears with sinuous 
striation parallel to their lateral margins. On the inner surface 
of a left valve fragment are two hinge dental sockets, deep, 
elongate and sub-parallel to the margins of the shell; the 
anterior socket arranged sub-vertically and the posterior one 
obliquely. Except for the hinge, the rest of the inner surface 
of the shell cannot be seen.

remArks

These fossils with spinose surfaces and circular contours are 
very similar to the umbonal region of the shells described as 
S. cisalpinus Brongniart, 1823 (ecomorph bifrons). They could 
therefore belong to juvenile individuals of that species. The 
levels from which all the specimens were collected (AD2.1, 
AG1.3, AG1.4) are stratigraphically higher than the level 
(AD1.1) from which the specimens assigned to cf. S. calde-
sensis came (Fig. 2 and further below: Fossil associations and 
palaeoenvironments).

Spondylus cisalpinus Brongniart, 1823 
(Fig. 12G-K)

Spondylus cisalpinus Brongniart, 1823: 76, pl. 5, fig. 1a-c.

mAteriAl. — Ilundain Marl Formation, IV section: 3 almost 
complete specimens; numerous shell fragments corresponding to 
at least 7 specimens (including 7 fragments of the umbonal area 
of right valves).

dimensions. — Right valve. H = (47.6)-77.0; L = (38.5)-62.5; 
W = 26.0-51.0. 

description

One of the most complete specimens (IV.6, Fig. 12G-I) has a 
markedly inequivalve and inequilateral shell; right valve with 
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anteroposteriorly trapezoidal section due to the development 
of a broad flat (slightly domed) area that occupies most of the 
external surface. Flat area with lamellar-cancellate sculpture, 
resulting from the intersection of numerous commarginal 
lamellae and tight radial ribs; ventral region of right valve 
highly convex, with about 10 radial costae (primary and 
secundary radial ribs) displaying some longitudinally grooved 
and laterally compressed spines; wide intercostal surfaces with 
4-5 costellae (tertiary radial ribs) with spines at their intersec-
tions with growth lines; broad and quite flat trigonal cardinal 
area, elongated anterioposteriorly, which extends into a small 
anterior ear or auricle (the posterior ear of specimen IV.6 is 
broken) with sinuous and spiny striation more or less paral-
lel to the lateral margin. The development of the lamellar 
surface of the right valve of the specimens from Itzagaondoa 
Valley is variable. Some fragments show a large attachment 
area identical to that of IV.6. In contrast, the specimen IV.13 
(Fig. 12J, K) and other fragments exhibit a much smaller 
lamellar surface. Left valve pectiniform, slightly convex with 
less and smaller spines; umbo small and sharp; striated and 
spiny ears or auricles, the posterior ear being larger than 
the anterior; left valve surface with 6-7 radial costae, poorly 
developed; 3-6 secondary ribs between costae, with tertiary 
radial ribs, bristling with tiny spines, in the pallial region. 

remArks

According to Zavarei (1973), the following characteristics 
prevent our specimens from being classified as Spondylus 
bifrons Münster in Goldfuss, 1840 and make them closer to 
the species S. cisalpinus Brongniart, 1823: 1) the lower con-
vexity; 2) finer spines of the left valve; as well as (3) the right 
valve sculpture, quite lamellar rather than spiny in some of 
our specimens.

Spondylus nysti was created by d’Archiac (1846) using 
material from the “Nummulitic” of Biarritz, in the Basque 
Coast (southwestern Aquitaine Basin). Specimen IV.6 is quite 
similar to those described and figured by d’Archiac (1846: 
pl. 2, figs 3a, 4) and to the material from the Eocene of the 
Igualada, Vic and Manresa regions in Catalonia assigned to 
this species by Carrasco (1994: pl. 1, fig. 3). In contrast, this 
comparison does not hold true for specimen IV.13, whose 
right valve, strongly spinose, is more similar to that of S. cisal-
pinus. Interestingly, however, Zavarei (1973) included all the 
species S. cisalpinus, S. bifrons and S. nysti in the same group. 
Abad (2001) strongly questioned the validity of S. nysti, as 
some S. cisalpinus present right valves with similar lamellar 
morphology. According to Abad (pers. comm., via Calzada), 
both S. nysti and S. bifrons are synonymous with S. cisalpinus.

Spondylus planicostatus d’Archiac, 1847 
(Fig. 12L, M)

Spondylus planicostatus d’Archiac, 1847: 438.

mAteriAl. — Ilundain Marl Formation, IV section: 6 specimens.

dimensions. — H = 9.2-18.1; L = 9.2-20.0; W= 4.2-6.7. 

description

Semicircular ventral (pallial) outline, slightly inequilateral, 
biconvex shell, the right valve slighlty more convex than 
the left valve; small umbonal attachment area, bigger in the 
right umbo; umbos slightly recurved; right umbo protrudes 
slightly over the left umbo; small ears, with marked growth-
lines more or less parallel to lateral margins; cardinal area 
small, triangular flattened; margins of right valve forming 
an angle of about 90 degrees; 29-31 radial costae, of equal 
thickness, extend from the umbo to the pallial margin with 
no change in number, showing dorsally flattened section 
and lateral surfaces dentate-serrate (crenulate) by the inter-
section of commarginal growth-lines; about 9 of these cos-
tae – regularly arranged, at intervals of 3 to 5 – have short, 
broad, scaly spines, distributed at regular intervals along the 
dorsal surface of the costae; very narrow intercostal spaces. 
Ornamentation of the left valve more or less similar to that 
of the right valve, but the number of spiny ribs is lower in 
one specimen. 

remArks

Spondylus planicostatus d’Archiac, 1847 was defined in the 
Paleogene of Biarritz (southwestern Aquitaine Basin; d’Archiac 
1847, 1850: 438, pl. 13, fig. 2). Boussac (1911) also reported 
this species from the “couches lutétiennes” and the “Auversien” 
of Biarritz, in particular from the Bartonian marly limestones 
of La Gourèpe and Vallon de Beherecco, below the levels of the 
Côte des Basques (Côte des Basques Formation, Mathelin & 
Sztràkos 1993). Spondylus planicostatus, with specimens from 
the Côte des Basques, was also cited by Cossmann (1921: 
pl. 12, fig. 7-8). In addition, S. planicostatus was cited in the 
Eocene of Kressenberg (Bavaria) by Frauscher (1886). Zavarei 
(1973) included this species within the Group of S. buchi 
Philippi, 1846. However, S. planicostatus differs from S. buchi 
in its costae sections, which are rounded and flattened in 
the former but angled in the latter. In addition, intercostal 
spaces of S. buchi are also angled, width being similar to that 
of the ribs, while intercostal spaces are tighter in S. planicos-
tatus. Another two species of the same group are S. palensis 
Rouault, 1848 – defined in the Early Eocene of Bosdarros 
(Béarn) (see Rouault 1850: 472, pl. 15, fig. 2) – and S. eoce-
nus Leymerye, 1881, defined from Lutetian deposits in the 
southeast of France and Catalonia. Spondylus palensis differs 
from S. planicostatus by having lesser bilateral symmetry and 
smaller number of spiny ribs; S. palensis differs from S. eoce-
nus because all of its ribs show similar development, while 
S. eocenus has clearly defined costae and costellae (primary 
and secondary radial ribs).

Suborder ANOMIIDINA J. Gray, 1854 
Superfamily dimyoideA P. Fischer, 1886 

Family dimyidAe P. Fischer, 1886

Genus Dimya Rouault, 1850

type species. — Dimya deshayesiana Rouault, 1850 by monotypy.
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Dimya pamplonensis (Carez, 1881) n. comb.  
(Fig. 13A-C)

Plicatula pamplonensis Carez, 1881: 310, pl. 8, figs 2-5.

Dimya richei Doncieux, 1911: 34, pl. 6, figs 7a-b.

Anomiya [sic] pamplonensis – Ruiz de Gaona & Colom 1950: 332, 
pl. 54, figs 10-13.

mAteriAl. — Ardanatz Sandstone. 1 specimen from AD sections 
(section and level unknown). AG1 section: 2 specimens below level 
AG1.1. ZB1 section: 4 specimens, 1 incomplete right valve. TR1 sec-
tion: 5 more or less complete specimens. Ilundain Marl Formation, 
ARR1 section: 5 specimens, 4 left valves, 3 incomplete right valves. 

dimensions. — H = 7.7-11.2; L = 6.2-9.3; W = 2.0-3.8 (From 
Calzada & Astibia 1996; 102 specimens).

description

Small-sized shell; inequivalve and inequilateral, oval and some-
times serrated or irregular outline; flat convex profile, with the 
maximum thickness towards the umbonal region; umbonal 
angle between 120° and 160°; left valve slightly convex, exterior 
surface foliaceous with 5 or 6 (7) commarginal lamellae, irregular 
in their spacing; antimarginal costae or ribs variable in develop-
ment but, in general, almost imperceptible; right valve almost 
flat, sculpture also lamellose, ribs very blurred. Inner surface of 
the valves smooth and porcelainized. Three inner regions or areas 
can be distinguished: 1) umbonal, corresponding to the aragonitic 
inner shell in living species of Dimya (Waller 2012); 2) inner 
(internal) pallial; and 3) outer (external) pallial areas, the last two 
corresponding to the calcitic rim of extant Dimya species and 
being separated by a very visible denticulation line (chomata). 
Growth tracks (ontogenetic migration tracks) of the denticles 
(chomata) appear as fine lines and can be observed on the inner 
surface of the valves. Umbonal area deep, nearly circular outline, 
sharpened at the upper end, separated from the pallial region 
by a curved line (pallial line), with a different colour; adductor 
muscle scars generally difficult to observe, anterior adductor scar 
pyriform or triangular on the right valve, posterior adductor scar 
bilobed, components being oval or nearly circular, located on 
the inclined portion of the shell; inner pallial part as an area or 
circular segment; outer or more peripheral pallial region separated 
from the rest of the valve by chomata and contact the umbonal 
area, with two symmetrical concavities for the ligament, axially 
limited by small teeth or crura that are stronger in pallial sense.

ontogeny

Growth is very visible in the concentric lamellae; shell passes 
from a nearly circular contour (length than about 3 mm) to an 
elliptical or oblong outline. In the case of the gerontic speci-
mens (length more than 12 mm) this outline is virguliforme 
(Calzada & Astibia 1996).

remArks

The species Dimya pamplonensis (Carez, 1881) n. comb. is based 
on specimens collected from marly levels to the south of the city 
of Pamplona (Navarre). Carez regarded the Pamplona marls as 
equivalent to the “marls with Serpula spirulaea” (“Marnes bleues 

à Serpula spirulaea”) in Catalonia (Igualada, Vic) and Aragón (La 
Peña, Jaca, Fiscal). Ruiz de Gaona (1947) and Mendizábal & Ruiz 
de Gaona (1949) confirmed the presence of Plicatula pamplonensis 
in the towns of Oriz, Altos de Badoztain, Ardanatz-Eguesibar 
and Zabaltza. Later, Ruiz de Gaona & Colom (1950) assigned 
this species to the genus Anomia (“Anomiya”). Calzada & Astibia 
(1996) studied over 100 shells from some localities of the Basin 
of Pamplona and the valley of Itzagaondoa and included the 
abovementioned species in the genus Dimya, since the valves 
show two muscular impressions (two adductor muscle scars) 
and Plicatula is known to be monomyarian. Dimya differs from 
Anomia by having not perforated shell. Due to the unknown 
whereabouts of the Carez collection (probably lost) and the 
probable lost of the original outcrops under urban develop-
ment, Calzada & Astibia (1996) suggested a new type locality 
in the Ardanatz Sandstone formation (transition to the overlying 
Ilundain Marl Formation) (Fig. 1) and erected a neotype for the 
species, which is stored in the Museu Geologic del Seminari de 
Barcelona (MGSB 60020.1). The age/stage type can now be 
constrained to the Bartonian, probably lower Bartonian, and not 
to the upper Bartonian or even lower Priabonian, as indicated 
by Calzada & Astibia (1996).

D’Archiac (1850: 441, pl. 13, figs 9-11) described and figured 
several specimens of a new species, called Anomia intustriata, among 
the fossils from the “Groupe Nummulitique” of the localities of 
Trabay and Hontet in Aquitaine. These specimens can now be 
assigned to the genus Dimya (D. intustriata (d’Archiac, 1850); 
Calzada & Astibia 1996), but they are different to D. pamplonensis 
n. comb. The size of D. pamplonensis n. comb. is smaller than the 
specimens figured by d’Archiac (1850) and at least one specimen 
has ribs (radials? antimarginals?), which are significantly more 
pronounced than those in D. pamplonensis n. comb.

D. pamplonensis n. comb. has been cited in the Eocene from 
Vic (Catalonia) (Farrés & Staid-Staadt 1964) and Sobrarbe 
(Aragon) (http://fosilesdesobrarbe.blogspot.com.es). However, 
in the latter case, four of the specimens illustrated are slightly 
larger and have more pronounced ribs than in the Pamplona 
fossils. Consequently, they could probably be better assigned to 
Dimya intustriata (d’Archiac, 1850). Finally, the species Dimya 
deshayesiana Rouault, 1850 has no lamellose ornamentation (com-
marginal lamellae), being completely covered with antimarginal 
(radial?) ribs (Calzada & Astibia 1996). In a recent review of the 
Dimyidae, Waller (2012) included D. pamplonensis n. comb. 
within valid species of the family, Dimya richei Doncieux, 1911 
being synonymous with D. pamplonensis n. comb.

Infraclass HETEROCONCHIA Hertwing, 1895 
Order CARDITIDA Dall, 1889 

Superfamily crAssAtelloideA Férussac, 1822 
Family cArditidAe Férussac, 1822 

Subfamily venericArdiinAe Chavan, 1969

Genus Venericardia Lamarck, 1801

type species. —Venus imbricata Lamarck, 1801 by subsequent 
designation (Schmidt 1818).

http://fosilesdesobrarbe.blogspot.com.es
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fig. 13. — Fossils of bivalves from the Eocene (Bartonian-?Priabonian) marly formations of the Pamplona Basin and surrounding areas (Navarre, western Pyrenees): 
A-C, Dimya pamplonensis (Carez, 1881) n. comb.: A, TR1.1.2, left valve, external view; B, TR1.1.3, right valve, external view; C, TR1.1.4, left valve, external view; 
D-G, Venericardia hortensis (Vinassa de Regny, 1898): D, E, IV.7, left and right valves, external views; F, IV.7, umbonal view; G, IV.45, double-valved specimen, 
left valve, external view; H-N, Chama pellati Boussac, 1911: H, IV.46, left valve, external view; I, IV.8, right – and left – valve, external view; J, AD2.2.4, left valve, 
internal view; K, AD.41, right – and left – valve, external view; L, M, IV.47, left and right valves, external views; N, AD.40, right – and left – valve, external view; 
O-Q, Chama granulosa d’Archiac, 1850: O, P, AD4.1.5, left and right valves, external views; Q, AD.42, left valve, external view. Scale bars: 5 mm.
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Venericardia hortensis (Vinassa de Regny, 1897) 
(Fig. 13D-G)

Cardita hortensis Vinassa de Regny, 1897: 183-184, pl. 20, fig 4-6.

Venericardia junctinoda – Astibia et al. 2016: 15, fig. 6u.

Complete synonymies in Cossmann (1921: 124).

mAteriAl. — Ilundain Marl Formation, IV section: 33 specimens. 

dimensions. — H = 6.8-16.9; L = 6.3-16.8; W= 4.2-9.4. 

description 
Shell equivalve, dorsally inflated, trigonal ovate in out-
line, heart-shaped, inequilateral; umbones prosogyrate and 
prominent; lunule short and deep; (22) 23 strong radial ribs 
(costae), bristling with thick transverse lamellae, of scaly 
appearance. Deep intercostal spaces, wider than the ribs in 
the anterior third.

remArks

The morphology is similar to that of Venericardia horten-
sis (Vinassa de Regny, 1897), defined in the Eocene from 
Possagno (Southern Alps, nothern Italy) (Vinassa de Regny 
1897: 183-184, pl. 20, figs 4-6; Oppenheim 1901: 154, 
155, pl. 4, figs 5-7). Venericardia hortensis is also present in 
the Eocene (Bartonian and mainly Priabonian, Mathelin & 
Sztràkos 1993) from the Côte des Basques (Biarritz, Côte 
des Basques Formation, southwestern Aquitaine Basin), 
as described and figured by Boussac (1911: 44, 45, pl. 
10, fig. 16) and Cossmann (1921: 124, pl. 7, figs 37-40; 
MNHN.F.J07469, Cossmann coll.). Venericardia hortensis 
can be distinguished from Venericardia junctinoda Cossmann, 
1898, from the “Nummulítico medio” (Ypresian) of Àger 
(Àger basin, South Pyrenean Foreland Basin) (Cossmann 
1898a; De Renzi 1971) by its smaller size and its lower 
number of costae (23 vs 25). However, differences could 
fall within intraspecific variation and the two species be 
synonymous. Another similar species is Venericardia bas-
teroti (Deshayes, 1851) from the Oligocene (Rupelian) 
of Larrat (Landes, Aquitaine Basin; MNHN.F.A42505, 
Lozouet coll.), but it has fewer costae than V. hortensis (17 
according Cossmann 1921).

These species clearly differ from Venericardia acuticostata 
Lamarck, 1806 from the Eocene of Ferme de l’Aulnaie (Oise; 
MNHN.F.A25073, Faullummel coll.), which has sharper 
lamellae, developed only on the central portion of the ribs.

Order CARDIIDA Férussac, 1822 
Suborder CARDIIDINA Férussac, 1822 
Superfamily chAmoideA Lamarck, 1809 

Family chAmidAe Lamarck, 1809

Genus Chama Linnaeus, 1758

type species. — Chama lazarus Linnaeus, 1758 by subsequent 
designation (Children 1823).

Chama pellati Boussac, 1911 
(Fig. 13H-N)

Chama pellati Boussac, 1911: 46, pl. 10, figs 18, 21-23.

mAteriAl. — Ardanatz Sandstone. AD1 and AD2 sections: 2 speci-
mens from level AD1.2; 2 specimens from level AD1.3; 13 specimens 
more or less completes, from level AD2.1; 9 specimens from level 
AD2.2; 10 specimens more or less complete (sections and levels 
unknown). AG1section: 4 fragmentary specimens from AG1.4. 
Ilundain Marl Formation, IV section: 38 specimens (14 incomplete). 

dimensions. — h = 7.3-21.8; l = 6.5-21.0; w= 4.4-12.0. 

description

Shell small; subcircular to dorsoventrally elongate outline, 
inequivalve, asymmetrical; left valve larger and strongly con-
cave, with small or absent umbonal attachment area; right 
valve less concave; prosogyrate and strongly enrolled umbones; 
valves ornamented with commarginal (concentric) foliaceous 
lamellae (more irregularly marked and spaced on the left valve 
than on the right valve) and marked radial ribs or folds. In 
some cases some quite small spines occur at the intersection 
of the radial folds and the lamellae. All but one specimen 
have both valves, meaning that the internal morphology of 
the shell cannot generally be observed. However, the hinge 
can be observed in a left valve fragment (AD2.2.4) (Fig. 13J), 
the anterior cardinal tooth being large and solid, elongated 
anteroposteriorly along the margin of the hinge plate, curved 
upper surface and with 5-7 ridges more or less perpendicular 
to its outer margin; deep socket (depression) between this 
tooth and the next one. Second cardinal tooth narrow and 
long, sub-parallel to the posterior margin of the shell; third 
cardinal tooth (?) less developed, parallel to the second one. 
Hinge broken at the level of a possible posterior lateral tooth. 

remArks

The ornamentation of our specimens is similar to that of 
both Chama subcalcarata d’Archiac, 1846 and C. granulosa 
d’Archiac, 1850. D’Archiac (1846) separated C. subcalcarata 
from C. calcarata Lamarck, 1809, on the basis of the former 
being covered with thin radial ribs (“stries fines”) between the 
lamellae, which are not present in the latter. The morphol-
ogy of the hinge of AD2.2.4 – specially the anterior cardinal 
tooth – is different to that of C. calcarata (see Kennedy et al. 
1970: 385, pl. 72). Chama calcarata was considered syn-
onymous with C. punctata Bruguiere, 1792 (Le Renard & 
Pacaud 1995). According to d’Archiac (1850), C. granulosa 
differs from other species of the genus “par la régularité de 
ses lignes granuleuses” and the small number of lamellae. 
The specimens from Navarre have more and tighter lamellae, 
meaning that they could be better assigned to C. subcalcarata. 
Unfortunately, however, C. subcalcarata was created using 
one single and incomplete fossil and further comparison is 
therefore hampered.

The studied specimens also resemble a fossil from the 
Eocene of Bosdarros (southwestern Aquitaine Basin) that 
Rouault (1850) assigned to the species C. rusticula Deshayes, 

http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J07469
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/A42505
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/A25073
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1830, as this also has numerous conmarginal folds or lamellae 
and radial ribs, similar to C. subcalcarata. However, Rouault 
(1850) acknowledged that C. rusticola was synonymous with 
C. squamosa Solander in Brander, 1766, which implies that our 
specimens should be compared to C. squamosa. This species 
is present in the Eocene from the Paris Basin and in Barton-
Highcliffe (Upper Barton Bed H, England) (coll. Morton, 
http://www.dmap.co.uk/fossils/).

Our fossils bear a closer resemblance to C. pellati Boussac, 
1911. This species was created using several specimens col-
lected from the Eocene (Bartonian and mainly Priabonian) 
of Côte des Basques (Biarritz, Côte des Basques Formation, 
southwestern Aquitaine Basin; Boussac 1911: pl. 10, figs 22, 
23). Oddly, C. pellati hardly appears in other scientific works 
carried out elsewhere (e.g. Cossmann 1921; Cuvillier 1933; 
Farrés & Staid-Staadt 1964). Pending a thorough review of 
the Eocene species of the genus Chama, synonymy between 
C. pellati, C. subcalcarata, C. rusticola and C. squamosa is 
highly possible. 

Chama granulosa d’Archiac, 1850 
(Fig. 13O-Q)

Chama granulosa d’Archiac, 1850: 433, pl. 12, figs 9, 10.

mAteriAl. — Ardanatz Sandstone. 1 incomplete left valve from 
AD sections (section and level unknown). AD2 section: 1 specimen 
from level AD2.2. AD4 section: 2 specimens from level AD4.1.

dimensions. — H = 14.5-(31.0); L = 12-(26); W= 9.1->13.0.

description And remArks

A low number of commarginal lamellae, a finely porous sur-
face and very thin radial ribs differentiate these fossils from 
those assigned to Chama pellati. The low number of lamel-
lae and the very fine radial ribs approach these specimens to 
the species C. granulosa D’Archiac, 1850, especially to the 
specimens from the Eocene of Côte des Basques figured by 
Boussac (1911: pl. 10, figs 20-25, 29), and to the specimens 
from the Priabonian of Les Bains (Biarritz, southwestern 
Aquitaine Basin) described by Cossmann (1921: 85-87, pl. 5, 
figs 21-24; MNHN.F.J04250, coll. Cossmann). 

FOSSIL ASSOCIATIONS, PALAEOECOLOGICAL 
AND PALAEOBIOGEOGRAPHIC REMARKS

AutoecologicAl remArks

Gastropods
Extant Pleurotomariidae are mainly represented by rare deep-
water species, although some inhabit shallow-waters. The 
diet of extant pleurotomariids consists primarily of sponges, 
but includes also crinoids, octocorals and, in aquarium 
conditions, fish and clam tissue (Harasewych 2002). Ptycho-
cerithium, Diastoma and Ampullinidae are phytophagous 
gastropods that thrive in euphotic shallow waters. Extant 
Cerithiidae are mainly confined to tropical and subtropi-

cal regions (Poutiers 1998). Except for one species adapted 
to estuaries and coastal areas, all extant Pachychiliidae are 
freshwater molluscs from tropical and equatorial regions 
(Gómez-Berning et al. 2012; Pacaud & Harzhauser 2012). 
Living Turritellidae are filter-feeders, mostly dwelling on 
subtidal soft substrates (Poutiers 1998). Ranellidae, Volutidae, 
Conidae and Turridae are active predators, mainly found in 
tropical seas. Epitoniidae are associated with coelenterates, 
either as ectoparasites or as foraging predators (Kilburn 
1985). Eulimidae are parasitic marine micromolluscs, which 
in some cases live on echinoderms.

Bivalves
Glycymeris is a mobile shallow-burrowing bivalve that 
usually dwells in sandy or muddy sediments at shallow 
to intermediate depths. Accordingly, G. jacquoti from the 
region of Igualada (Vic-Igualada Formation, Catalonia) was 
interpreted as a semi-infaunal or partially infaunal species 
that lived buried in the mud, in the subtidal area (Abad 
2001). Piccoli & Savazzi (1983) considered this species a 
non-siphonate infaunal suspension feeder.

Pycnodonte is a steno-haline genus, an indicator of sta-
ble marine paleo-salinity (Bottjer 1982; Abad 2001). In 
the Eocene of Igualada and Vic regions Pycnodonte occurs 
in shaley and marly lithologies, forming groups of many 
separated individuals that do not touch each other. They 
probably inhabited infra-littoral muddy substrates, lying 
on their left valves on (reclined shape). Something similar 
is observed in the specimens from the marly levels of the 
Itzagaondoa Valley, although the number of preserved indi-
viduals is much lower than in the outcrops from Catalonia. 
The absence of both bio-erosion structures and encrusting 
organisms on the shells (only one specimen has a small 
polychaete tube) strongly suggests a lifestyle partially bur-
ied in the substrate.

In the Eocene of Catalonia the left valve of Hyotissa mar-
tinsii is attached to corals in some cases, or shows evidence 
of attachment to other objects. It is an epifaunal species, 
which inhabited littoral and upper infralittoral areas (Abad 
2001). Hyotissa hyotis (Linnaeus, 1758) (giant honey comb 
oyster or black oyster) is an extant species that dwells in 
tropical (or warm enough) shallow subtidal waters, often 
cemented on coral reefs. Our specimen AD.38 (Fig. 11M, 
N) is an example of encrusting xylobiont (sensu Taylor & 
Wilson 2003). Oysters like Crassostrea rhizophorae (Guilding, 
1828) along with other molluscs, commonly grow attached 
to submerged roots of red mangroves (Márquez & Jiménez 
2002). Plaziat (1970) described mould bioimmurations of 
wood (mangroves) on the attachment area of oysters from 
the Ypresian of Corbières.

Zavarei (1973) indicated that today the genus Spondylus 
inhabits mainly warm seas in inter-tropical areas, generally 
between 1 and 50 meter water depths. Spondylus caldesensis 
probably lived slightly buried (infaunal) in infra-littoral 
muddy sediments, lying on its left valve (reclined shape). 
This explains why the fossil shells of Spondylus cf. caldesensis 
from Ardanatz do not have fossil epibionts. Conversely, the 

http://www.dmap.co.uk/fossils/
http://coldb.mnhn.fr/CatalogNumber/MNHN/F/J04250
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specimens of S. cisalpinus from Ardanatz, Aranguren and 
Itzagaondoa Valley do have epibionts, being encrusted by 
bryozoans, small bivalves and polychaetes, which indicates 
cemented fixation. 

Dimyids cement their right valve on hard substrates, 
skeletons and rocks. Most recent dimyids thrive in tropical 
and subtropical, relatively deep marine waters in the mid-
dle and outer continental shelf, and seem to prefer habitats 
with very low sedimentation rates (Waller 2012). The latter 
may explain the fact that Dimya pamplonensis n. comb. is 
mainly found in the marly levels of the Ardanatz Sandstone 
(AG1.1, ZB1, TR1) and in the lower part of the Ilundain 
Marl Formation (Arraitza outcrops) (Figs 1, 2), as these lev-
els probably corresponded to relatively deep environments.

Carditidae are suspension-feeding animals. Some case they 
are attached to the substrate by their byssus (e.g. Venericardia 
borealis (Conrad, 1867)) or they are superficial burrower 
(e.g. Cardites floridanus (Conrad, 1838)) (Stanley 1970). 
They are common in shallow seas (Poutiers 1998). 

Chamidae are filter-feeding bivalves, characteristic of 
tropical and sub-tropical seas, although they also inhabit 
temperate seas, similar to Spondylus. Most species of the 
genus Chama inhabit sublittoral environments, but some 
are intertidal. Chama commonly colonises rocky shores and 
is a typical member of the coral reef community (Kennedy 
et al. 1970). This does not seem to be the case for Chama 
pellati from the Eocene of Navarre, as most individuals are 
associated with silty and sandy marls (Ardanatz-Aranguren) 
or purely marly levels (Itzagaondoa Valley). Bernard (1976) 
indicated that species with small and highly ornamented 
shells and with a reduced cemented area live in depths 
greater than 20 m, attached to corals and in rock crevices 
and cracks. Attached bivalves such as Chama, Arca, Spon-
dylus and Plicatula are indicative of shallow, clear waters 
(Schnetler & Heilmann-Clausen 2011). 

fossil AssociAtions And pAlAeoenvironments

This study includes different localities and fossiliferous levels. 
At least five different fossil assemblages can be distinguished 
in the study area, three successive assemblages in the deposits 
from Ardanatz-Aranguren (Ardanatz Sandstone), another 
assemblage to the west, near the locality of Arraitza (lower 
part of Ilundain Marl Formation) and a fifth assemblage 
from the Itzagaondoa Valley to the east, at the top of the 
Ilundain Marl Formation. These essemblages probably do 
not correspond to individual shell beds but to narrow fos-
siliferous intervals, that we call levels. The poorly lateral 
continuity of the sandstone layers in the studied zone, the 
general marly nature of the series (difficulty in differentiat-
ing bedding surfaces), the apparently dispersed character 
of the fossils in the marls, and the fact that the collected 
fossils appear loose, concentrated on the thin regolith on 
the surface, precludes further precision.

Ardanatz-Eguesibar and Aranguren outcrops 
The stratigraphic sections sampled in the localities of Ardan-
atz and Aranguren are up to 80 m thick (Fig. 2). A tentative 

correlation between sections and the main fossil-bearing 
levels was provided by Astibia et al. (2014). Three intervals 
with different fossil assemblages can be distinguished from 
base to top:
1) The lower interval (levels AD1.1, AD3.1, AD4.1 [c. AD3.1], 
AG1.1) is the poorest in fossil molluscs. Leptomaria peresii 
or Chama granulosa are only present in the lower interval 
(AD4.1). Ptychocerithium baylei n. comb. and Haustator 
altavillensis are present, but they are less common than in 
the overlying levels. Other molluscs found in higher inter-
vals, such as Sigmesalia sp., Ampullinidae indet., Globularia 
sp., Athleta (Volutospina) vallei, Nihonia aff. transversaria n. 
comb., Spondylus cisalpinus and Chama pellati, are absent 
in the lower interval. Some outcrops also contain abundant 
fossils of stellate and cyathiform hexactinellid and “lithis-
tid” sponges (Astibia et al. 2014) along with erect bryozoan 
colonies, often in growth position (especially in AD3.1, 
AD4.1 and AG1.1). Terebratulina-like brachiopods are also 
common in the lower interval (Bitner et al. 2016). Such fos-
sils are absent or less abundant in the rest of the intervals.
2) The middle interval (levels AD1.2, AD2.1, AG1.2, 
AG1.3) is richer in specimens and more diverse in taxa, 
especially some sites of level AD2.1, Ptychocerithium baylei 
n. comb. being especially abundant. Corals are also more 
frequent (Astibia et al. 2014). However, fossil preservation 
is generally poor.
and 3) The upper interval (levels AD1.3, AD2.2, AG1.4) 
is also rich in mollusc fossils, yielding assemblages rather 
similar to those in the middle interval, with the absence of 
the species Amaea (Acrilla) sp., Athleta (Volutospina) vallei, 
and Dimya pamplonensis n. comb. in our samples. However, 
the upper interval can be differentiated macropaleontologi-
cally from the rest of the succession by the abundance of 
fossils of the tube-dwelling polychaete Rotularia spirulaea, 
which is also present, but much more sporadically, in the 
underlying levels.

Micropaleontological data of the AD3.1 and AD2.1 
levels suggest a shelfal depth of deposition (Astibia et al. 
2014). Most hexactinellids live in rather deep waters on 
soft substrates (Vacelet 1988; Tabachnik 1991; Charbon-
nier et al. 2007; Pisera et al. 2006). The local abundance of 
conic siliceous sponges and erected bryozoans in the lower 
interval (mainly in AD3.1, AD4.1 and AG1.1) suggests 
slightly quieter and deeper environments. The presence of 
Pleurotomaridae (Leptomaria peresii) in the lower interval 
also supports this hypothesis, as this family of gastropods 
is represented today by rare deep-water species. Extant 
shallow-water species have perforations or patelliform shells, 
but this is not the case in our fossils.

Arraitza outcrop
In addition to the vertical changes in the fossil associations 
of the Ardanatz-Aranguren outcrops, changes also occur 
both eastwards and westwards of this area. Westwards, 
near the locality of Arraitza (ARR1 section, Ilundain 
Marl Formation) (Fig. 1), macrofossil assemblages are less 
diverse, including hexactinellid and “lithistid” sponges, 
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bryozoans, brachiopods, mollusc bivalves (mainly ostreoids, 
spondylids and Dimya pamplonensis n. comb.), arthropods 
(maxillopods), echinoderms (echinoid spines and test frag-
ments, asteroid ossicles), shark teeth and teleostean teeth 
and otoliths (Astibia et al. 2014). Sponges are locally very 
abundant. The paleontological and stratigraphical data 
indicate that Arraitza corresponded to somewhat deeper 
environments than the Ardanatz-Aranguren area. Micro-
paleontological data (scarcity of planktic foraminifera but 
comparatively more abundant than in Ardanatz, along 
with the diversity and composition of benthic foraminifera 
assemblages) are indicative of outer-platform to upper-
slope environments at approximately 200 m water depth 
(Astibia et al. 2014).

Itzagaondoa Valley outcrops
Eastwards from the Ardanatz y Aranguren area, at the top of 
Ilundain Marl Formation (Fig. 1), neither fossil sponges nor 
macrovertebrates occur. The macropaleontological content 
is rich and dominated by solitary corals, bryozoans, tube-
dwelling polychaetes (Rotularia spirulaea and others) and 
mollusc bivalves, gastropods and scaphopods. Noteworthy 
is the local abundance of the bivalve Pycnodonte brongniarti, 
which is absent in the outcrops of Ardanatz-Aranguren 
and Arraitza. Other taxa found in Itzagaondoa, such as 
Benoistia sp., Jponsia sp., Sassia sp. 1, Niso sp., Mathilda 
sp., Metula sp., Spondylus planicostatus and Venericardia 
hortensis, are also absent in the fossil levels located both 
stratigraphically lower and geographically further west. By 
contrast, other taxa common in the Ardanatz-Aranguren 
outcrops, such as Ampullinidae, Epitoniidae, Dimya pam-
plonensis n. comb., Chama granulosa, were not found in 
Itzagaondoa localities. The abundance of Diastoma costel-
latum and the scarcity of Ptychocerithium baylei n. comb. 
are also noteworthy in Itzagaondoa, in contrast to what 
happens in the Ardanatz-Aranguren area. Haustator cf. 
imbricatarius is also more common in the Itzagaondoa 
outcrops. Interestingly, the micropaleontological content 
is indicative of inner shelf environments in Itzagaondoa 
(Astibia et al. 2016), therefore corresponding to the shal-
lowest deposits in this study.

compArisons with other AreAs  
And pAlAeobiogeogrAphicAl implicAtions

On a regional scale, the Eocene (Bartonian-?Priabonian) 
mollusc assemblages of the Ardanatz Sandstone and Ilun-
dain Marl formations are comparable to those found at the 
Basque Coast, in the surroundings of the town of Biarritz, 
(southwestern Aquitaine Basin, Nord Pyrenean area), studied 
since the nineteenth century (d’Archiac 1846, 1850; Bouillé 
1876; Boussac 1911), and to those from the west-central 
and eastern part of the South Pyrenean area, in Aragon 
(Villalta Comella 1956; Puigdefábregas 1975) and Catalo-
nia (Igualada and Vic regions) (Abad 2001; Busquets et al. 
1994; Carrasco 1994; Pisera & Busquets 2002).

However, the associations of the Pamplona Basin are 
less diverse (species richness) than those from the above-

mentioned areas. The lower palaeontological diversity may 
be apparent due to the preliminary nature of the studies 
carried out to date, which involves sampling biases (only 
fossils from rock – regolith – surfaces were collected) and/
or due to taphonomic biases, or, on the contrary, it may be 
real due to palaeoecological differences (more restricted envi-
ronments). Additionally, Sanders et al. (2015) highlighted 
the great impact that diagenesis has on the evaluation of 
paleobiodiversity in fossil sites, a factor that may also be 
influential in our case study.

Most of the gastropods found in the studied outcrops, 
such as Ptychocerithium baylei n. comb., Diastoma costel-
latum, Haustator imbricatarius, and the bivalves Glycym-
eris jacquoti, Spondylus cisalpinus (S. bifrons and S. nysti), 
Spondylus planicostatus and Chama pellati, among other 
molluscs, are also present in the Paleogene series of the 
Basque Coast, specifically in the outcrops of Villa Mar-
bella and in the upper part of the Côte des Basques (Bar-
tonian and mainly Priabonian, Côte des Basques Marls 
Formation, Boussac 1908, 1911; Mathelin & Sztràkos 
1993; Sztràkos et al. 1998). The Villa Marbella outcrop, 
in the lower part of the Côte des Basques blue marls, is 
the same site that Bouillé (1876) named “Lady Bruce” 
(Boussac 1911). Tournouër (in Bouillé 1876) described 
the “Cérites – Cerithiidae – des couches à Serpula spiru-
laea” in Lady Bruce. Glycymeris jacquoti, Spondylus nysti 
d’Archiac, 1846, Spondylus planicostatus d’Archiac, 1850, 
Chama granulosa d’Archiac, 1850 and Chama pellati Bous-
sac, 1911 were all defined in the Paleogene of Biarritz. 
Hyotissa martinsii was also erected by d’Archiac (1850) 
as “Ostrea martinsii” in the “Nummulitique” of Biarritz. 
Pycnodonte brongniarti is also present in the upper part 
(lower Oligocene?) of the Paleogene series of Anglet/
Angelu and Biarritz (Chambre d’Amour and other sites) 
(“Ostrea vesicularis” in d’Archiac 1846; “Ostrea brongniarti” 
in Bouillé 1876 and Boussac 1908, 1911). Interestingly, 
however, P. brongniarti is absent from other stratigraphi-
cally lower and palaeoenvironmentally deeper levels of 
the Côte des Basques, consistently with its occurrence 
in the Itzagaondoa outcrops, but its absence from the 
Ardanatz-Aranguren area in Navarre.

Other mollusc assemblages, partially comparable to those 
from Navarre, are the assemblages from the Eocene (Bar-
tonian) marls of the Basa Valley (Sobás, Yebra de Basa, San 
Román de Basa and Isún sites, Pamplona Marls sensu lato, 
Jaca Basin, west-central South Pyrenean area, Puigdefábre-
gas 1975; Oms et al. 2003), in the neighbouring territory 
of Huesca (Aragon), about 120 km to southeast from our 
study area. The fossil gastropods from these localities, which 
were studied by Villalta Comella (1956), share with our 
assemblages the genera Niso, Globularia, Clavilithes, Sas-
sia, Jponsia (?) (as Faunus in Villalta Comella (1956), some 
Epitoniidae and, at least, the species Haustator altavillensis 
and Diastoma costellatum. The Basa Valley levels are prob-
ably slightly older than those of the Ardanatz Sandstone and 
Ilundain Marl Formation and their mollusc fauna seem to 
be more diverse than those from Navarre. Villalta Comella 
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(1956) describes 81 species of gastropods in the Basa Valley, 
while the number of species described in this work is 25.

Regarding the Eocene molluscs from Catalonia (Carrasco 
1994; Abad 2001), Spondylus caldesensis and Spondylus cis-
alpinus (S. bifrons and S. nysti) are present in several sites 
from the Igualada, Manresa and Vic regions, in the Igualada 
Formation (late Bartonian to, most likely, Priabonian in 
age, Taberner et al. 1999; Cascella & Dinarès-Turell 2009; 
Costa et al. 2013). Pycnodonte brongniarti, which has a wide 
biostratigraphic and palaeobiogeographic distribution (Pale-
ocene-Miocene, throughout northern Africa and southern 
Eurasia), is also abundant in numerous Eocene localities of 
the Igualada and Vic regions (Abad 2001).

Finally, with regard to the biogeographic relationships 
with Western Europe, the mollusc associations found in the 
Pamplona basin share two elements found in the middle 
Eocene (Lutetian) of San Giovanni Ilarione (Verona basin, 
Italy): Clavilithes (Clavellofusus) parisiensis and Diastoma 
costellatum (Quaggiotto & Mellini 2008). These two faunal 
elements correspond to cosmopolitan species and have also 
been found in the Middle Eocene of the Paris Basin (Cour-
ville et al. 2012). Leptomaria peresii has also been found in 
the Tethys area, more specifically in the Priabonian of the 
Alps (France) (Pacaud 2007). Other species found in Navarre 
have also been reported from the North-West Atlantic area, 
such as Haustator imbricatarius, Nihonia aff. transversaria 
n. comb. from the Paris Basin and Haustator altavillensis, 
originally described from the Middle Eocene of Normandy 
(Cossmann & Pissarro 1900).

Taking everything into account, most of the mollusc fos-
sils found in Navarre seems to be specific to the Pyrenean 
area. Consequently, endemic faunal associations seem to 
have dominated in the area. Additionally, or alternatively, 
an early beginning of the faunal differentiation between 
the Northern (Paris Basin, Normandy) and the southern 
areas (Pyrenean and Aquitaine basins), which has previ-
ously been documented to occur since at least the Rupelian 
(Lozouet & Maestrati 1986; Lozouet 2014 for the mollusk 
assemblage and Merle et al. 2002 for the fish assemblage), 
is also very likely. 

CONCLUSIONS

Gastropods and bivalve associations from the middle and 
?upper Eocene (Bartonian and ?Priabonian) sedimen-
tary succession of the Pamplona Basin and surrounding 
areas are described. Fossils are generally fragmentary and 
many correspond to remains that underwent taphonomic 
reworking. Bioerosion traces and fossil encrusters are 
common. Significant effects of diagenesis have also been 
detected, with evidence of compression or deformation, 
dissolution, aragonite-calcite neomorfism and cementa-
tion by celestite. 

Fossils of 37 taxa (25 gastropods and 12 bivalves) have been 
identified, but the number of species is probably considerably 
higher. Amongst them, a new species, Athleta (Volutospina) 

delvallei Astibia, Merle & Pacaud, n. sp. (Gastropoda, Voluti-
dae), has been described.

The comparison of mollusc associations of the locality of 
Ardanatz and the Itzagaondoa valley outcrops shows notable 
differences. This can be explained because the Itzagaondoa 
outcrops are higher in the stratigraphic series and represent 
a shallower sedimentary environment. Westwards, near the 
locality of Arraitza, macrofossil assemblages are less diverse. 
The paleontological and stratigraphical data indicate that 
Arraitza corresponded to somewhat deeper environments 
than other areas.

Gastropod and bivalve assemblages of the Ardanatz Sand-
stone and Ilundain Marl formations show similarities, but 
also differences, with coeval associations of the Basque Coast 
(southwestern Aquitaine Basin, North Pyrenean area), specifi-
cally in the outcrops of the Côte des Basques Marls Formation, 
and with those from the west-central and eastern part of the 
South Pyrenean area, in Aragon (Pamplona Marls sensu lato, 
Jaca Basin) and Catalonia (Vic Marls and Igualada formations). 
The studied associations seem to be less diverse than those 
from the above-mentioned areas. The lower palaeontological 
diversity (specie richness) of the Pamplona Basin may be due 
to the sampling and taphonomic biases or differences in the 
life assemblages. Whatever the case, faunal differences provide 
the Pamplona Basin a distinctive character and increase its 
interest for palaeobiodiversity studies. Consequently, future 
studies will focus on specific fossil groups.

Most of the mollusc taxa seem to be endemic to the Pyrenean 
area, but several Tethyan and Northern elements have also 
been recorded. These results enlarge the database for a better 
understanding of the evolution of global marine biodiversity 
throughout the Eocene.

Acknowledgements
Comments by Drs David T. Dockery (Mississippi Office of 
Geology, Mississippi Department of Environmental Quality) 
and Stefano Dominici (Università degli Studi di Firenze/Uni-
versity of Florence) considerably improved the manuscript. 
Thanks to Drs Antonio Abad and Sebastián Calzada (Museu 
Geològic del Seminari de Barcelona) for his help in the dis-
cussion about the bivalve Spondylus. H. A. is grateful to Jokin 
del Valle de Lersundi Manso de Zúniga, for his friendship 
and help in the field work. Thanks to Drs José Carmelo Cor-
ral (Museo de Ciencias Naturales de Álava/Arabako Natur 
Zientzien Museoa) and Jone Mendicoa (Universidad del País 
Vasco/Euskal Herriko Unibertsitatea) for their technical assis-
tance with the figures. Financial support to H.A. and J.E. was 
provided by the projects CGL2013-47521-P (Ministerio de 
Economía y Competitividad, MINECO, Spain), CGL2017-
85038-P (MINECO, Spain), the European Regional Develop-
ment Fund/Fondo Europeo de Desarrollo Regional (ERDF/
FEDER), and the research groups IT834-13, IT1044-16 
(Eusko Jaurlaritza/Gobierno Vasco, EJ/GB) and PPG17/05 
(Universidad del País Vasco/Euskal Herriko Unibertsitatea). 
A.P. was funded by project CGL 2015-65404-R (MINECO-
FEDER) and the research group IT-930-16 (EJ/GV). 



253 

Gastropods and bivalves from the Pamplona Basin (Eocene)

GEODIVERSITAS • 2018 • 40 (11)

REFERENCES

AbAd A. 2001. — Paleotaxodonta y Pteriomorphia del Eoceno del 
margen sur de la depresión Central Catalana. PhD thesis, Uni-
versitat Autònoma de Barcelona, 803 p.

AdAms A. e. & mAckenzie w. s. 1998. — A Colour Atlas of 
Carbonate Sediments and Rocks under the Microscope. Manson 
Publishing Ltd, London, 180 p. 

AlAmedA J., blAs i., cAbrA p., del vAlle de lersundi J., gArcíA A., 
mArtínez A., rAmírez del pozo J. & solé J. 1993. — Car-
tografía Geológica de Navarra E. 1:25.000. Gobierno de Navarra, 
Departamento de Obras Públicas, Transportes y Comunicaciones, 
Pamplona, Hoja geológica num. 141-II (Pamplona).

Allmon w. d. 1996. — Systematics and Evolution of Cenozoic 
American Turritellidae (Mollusca: Gastropoda) I: Paleocene and 
Eocene Coastal Plain species related to ‘‘Turritella mortoni Conrad’’ 
and ‘‘Turritella humerosa Conrad’’. Palaeontographica Americana 
59: 1-134. https://biodiversitylibrary.org/page/28875151

AlmelA A. & ríos J. m. 1951. — Estudio geológico de la zona 
subpirenaica aragonesa y de sus sierras marginales. I Congreso 
Internacional del Pirineo del Instituto de Estudios Pirenaicos, 
Geología 3: 327-350.

ArchiAc A. m. d’ 1846. — Description des fossiles recueillis par 
M. Thorent dans les couches à Nummulines des environs de 
Bayonne. Mémoires de la Société géologique de France, 2ème série, 
2 (4): 189-217. https://biodiversitylibrary.org/page/42373631

ArchiAc A. m. d’ 1847. — Extrait d’un Mémoire sur les fossiles 
des conches à Nummulites des environs de Bayonne et de Dax. 
Bulletin de la Société géologique de France, 2ème série, 2 (4): 1006-
1010. https://biodiversitylibrary.org/page/54374065

ArchiAc A. m. d’ 1850. — Description des fossiles du groupe 
nummulitique recueillis par M. S.-P. Pratt et M. J. Delbos aux 
environs de Bayonne et de Dax. Mémoires de la Société géologique 
de France, 2ème série, 3 (6): 397-456. https://biodiversitylibrary.
org/page/42336239

AstibiA h., elorzA J., piserA A., ÁlvArez-pérez g., pAyros A. & 
ortiz s. 2014. — Sponges and corals from the Middle Eocene 
(Bartonian) marly formations of the Pamplona Basin (Navarre, 
western Pyrenees): taphonomy, taxonomy and paleoenvironments. 
Facies 60: 91-110. https://doi.org/10.1007/s10347-013-0364-2

AstibiA h., murelAgA x., pAyros A., peredA x. & tosquellA 
J. 1999. — Tortugas y Sirenios fósiles en el Eoceno marino de 
Navarra y Cuenca de Jaca. Geogaceta 25: 15-18.

AstibiA h., pAyros A., peredA suberbiolA x., elorzA J., ber-
reteAgA A., etxebArriA n., bAdiolA A. & tosquellA J. 
2005. — Sedimentology and taphonomy of sirenian remains 
from the Middle Eocene of the Pamplona Basin (Navarre, 
western Pyrenees). Facies 50: 463-475. https://doi.org/10.1007/
s10347-004-0026-5

AstibiA h., peredA suberbiolA x., bArdet n., pAyros A., ber-
reteAgA A. & bAdiolA A. 2006. — Nuevos fósiles de sirenios 
en el Eoceno medio de la Cuenca de Pamplona (Navarra). Revista 
Española de Paleontología 21: 79-91.

AstibiA h., peredA suberbiolA x., pAyros A., murelAgA x., ber-
reteAgA A., bAcetA J. i. & bAdiolA A. 2007. — Bird and mam-
mal footprints from the Tertiary of Navarre (western Pyrenees). 
Ichnos 14: 175-184. https://doi.org/10.1080/10420940601049917

AstibiA h., rodríguez-tovAr f. J., díAz-mArtínez i., pAyros 
A. & ortiz s. 2017. — Trace fossils from the Middle and 
Upper Eocene (Bartonian-Priabonian) molasse deposits of the 
Pamplona Basin (Navarre, western Pyrenees): palaeoenviron-
mental implications. Geological Journal 52: 327-349. https://
doi.org/10.1002/gj.2763 

AstibiA h., pAyros A., ortiz s., elorzA J., ÁlvArez-pérez 
g., bAdiolA A., bArdet n., berreteAgA A., bitner m. A., 
cAlzAdA s., corrAl J. c., díAz-mArtínez i., merle d., 
pAcAud J.-m., peredA-suberbiolA x., piserA A., rodríguez-
tovAr f. J. & tosquellA J. 2016. — Fossil associations from 

the middle and upper Eocene strata of the Pamplona Basin and 
surrounding areas (Navarre, western Pyrenees). Journal of Iberian 
Geology 42 (1): 7-28. https://doi.org/10.5209/rev_JIGE.2016.
v42.n1.51601

bAker p. A. & bloomer s. h. 1988. — The origin of celestite in 
deep-sea carbonate sediments. Geochimica et Cosmochimica Acta 
52 (2): 335-339. https://doi.org/10.1016/0016-7037(88)90088-9

bArnolAs A., pAyros A., sAmso J. m., serrA-kiel J. & tosquellA 
J. 2004. — La Cuenca surpirenaica desde el Ilerdiense medio al 
Priaboniense, in verA J. A. (ed.), Geología de España. Instituto 
Geológico y Minero de España, Sociedad Geológica de España, 
Madrid: 313-320.

bAyAn f. 1870. — Sur les terrains tertiaires de la Vénétie. Bulletin 
de la Société géologique de France, 2ème série, 27: 444-487. https://
biodiversitylibrary.org/page/54581784 

benfrikA m. el 1994. — Systématique, biogéographie et écologie 
des Pleurotomariidés post-paléozoïques. PhD thesis, Université 
Paris-Sud, 160 p.

bernArd f. r. 1976. — Living Chamidae of the eastern Pacific 
(Bivalvia: Heterodonta). Natural History Museum of Los Angeles 
County, Contributions in Science 278: 1-43. https://biodiversi-
tylibrary.org/page/52096939

bitner A., AstibiA h. & pAyros A. 2016. — Middle Eocene (Bar-
tonian) brachiopods from the Pamplona Basin, Navarre, South-
Western Pyrenees. Batalleria Revista de Paleontologia 23: 1-7.

bøggild d. b. 1930. — The shell structure of the Mollusks. Det 
Kongelige Danske Videnskabernes Selskabs Skrifte. Naturvidenska-
belig og Mathematisk Afdeling 9 (2/2): 231-326.

boschele s., gAtto r., bernArdi m. & AvAnzini m. 2011. — 
Fossili cenozoici della Valsugana. Catalogo della collezione 
Boschelle, parte I. Studi Trentini di Scienze Naturali 88: 219-309.

bottJer d. J. 1982. — Palecoecology of epizoans and borings on 
some Upper Cretaceous chalk oysters from the Gulf Coast. Lethaia 
15: 75-84. https://doi.org/10.1111/j.1502-3931.1982.tb01977.x

bouchet p., rocroi J.-p., frýdA J., hAusdorf b., ponder w., 
vAldés Á. & wArén A. 2005. — Classification and Nomencla-
tor of Gastropod Families. Malacologia 47 (1-2): 1-397. https://
www.biodiversitylibrary.org/page/25127194

bouillé r. de 1873. — Paléontologie de Biarritz et de quelques 
autres localités des Basses-Pyrénées. Mémoires de la Première Section, 
Congrès scientifique de France, 39ème session, 1: 427-468. http://
gallica.bnf.fr/ark:/12148/bpt6k4452752/f448.item

bouillé r. de 1876. — Paléontologie de Biarritz et de quelques autres 
localités des Basses-Pyrénées. Imprimerie et Lithographie Veronese, 
Pau, 71 p. http://gallica.bnf.fr/ark:/12148/bpt6k5440403p 

boury e. de 1883. — Description d’espèces nouvelles de Mathilda 
du bassin de Paris. Révision du Genre. Journal de Conchyliologie 31 
(2): 110-153, pls 3-5. https://biodiversitylibrary.org/page/15857124

boussAc J. 1908. — Note sur la succession des faunes nummulitiques 
à Biarritz. Bulletin de la Société géologique de France, 4ème série 
8 (5): 237-255. https://biodiversitylibrary.org/page/31029284

boussAc J. 1911. — Études stratigraphiques et paléontologiques 
sur le nummulitique de Biarritz. Annales Hébert. Annales de 
Stratigraphie et de Paléontologie du Laboratoire de Géologie de la 
Faculté des Sciences de l’Université de Paris 5: 1-95.

brébion p. 1992. — Quelques cônes et pleurotomes du Lutétien 
du Bassin de Paris. Cossmanniana, Hors-série 1: 1-33. 

brongniArt A. 1823. — Mémoire sur les terrains de sédiment supé-
rieurs calcaréo-trappéens du Vicentin et sur quelques terrains d’Italie, 
de France, de l’Allemagne, etc. qui peuvent se rapporter à la même 
époque. Levrault, Paris, 84 p., 6 pls.  

bronn h. g. 1831. — Uebersicht der fossilen Ueberreste in 
den tertiären subapenninischen Gebirgen. Ergebnisse meiner 
Naturhistorisch-ökonomischen Reisen 2: 509-646. 

buffrénil v. de, AstibiA h., peredA suberbiolA x., berret-
eAgA A. & bArdet n. 2008. — Variation in bone histology 
of middle Eocene sirenians from Western Europe. Geodiversitas 
30 (2): 425-432. 

https://biodiversitylibrary.org/page/28875151
https://biodiversitylibrary.org/page/42373631
https://biodiversitylibrary.org/page/54374065
https://biodiversitylibrary.org/page/42336239
https://biodiversitylibrary.org/page/42336239
https://doi.org/10.1007/s10347-013-0364-2
http://www.sociedadgeologica.es/archivos/geogacetas/Geo25/Art04.pdf
https://doi.org/10.1007/s10347-004-0026-5
https://doi.org/10.1007/s10347-004-0026-5
http://www.sepaleontologia.es/revista/anteriores/REP%20%282006%29%20vol.%2021/1/06.%20Astibia%20et%20al.pdf
http://www.sepaleontologia.es/revista/anteriores/REP%20%282006%29%20vol.%2021/1/06.%20Astibia%20et%20al.pdf
https://doi.org/10.1080/10420940601049917
https://doi.org/10.1002/gj.2763 
https://doi.org/10.1002/gj.2763 
https://doi.org/10.5209/rev_JIGE.2016.v42.n1.51601
https://doi.org/10.5209/rev_JIGE.2016.v42.n1.51601
https://doi.org/10.1016/0016-7037(88)90088-9
https://biodiversitylibrary.org/page/54581784 
https://biodiversitylibrary.org/page/54581784 
https://biodiversitylibrary.org/page/52096939
https://biodiversitylibrary.org/page/52096939
https://doi.org/10.1111/j.1502-3931.1982.tb01977.x
https://www.biodiversitylibrary.org/page/25127194
https://www.biodiversitylibrary.org/page/25127194
http://gallica.bnf.fr/ark:/12148/bpt6k4452752/f448.item
http://gallica.bnf.fr/ark:/12148/bpt6k4452752/f448.item
http://gallica.bnf.fr/ark:/12148/bpt6k5440403p 
https://biodiversitylibrary.org/page/15857124
https://biodiversitylibrary.org/page/31029284
http://www.germc.net/wp-content/uploads/Cossmanniana_HS1_1992.pdf
https://www.deutsche-digitale-bibliothek.de/item/NJFRRUDKC7CGEWZDFC4RYABSP2VY2DYN
https://www.deutsche-digitale-bibliothek.de/item/NJFRRUDKC7CGEWZDFC4RYABSP2VY2DYN
http://sciencepress.mnhn.fr/fr/periodiques/geodiversitas/30/2/variation-de-l-histologie-osseuse-chez-les-sireniens-de-l-eocene-moyen-d-europe-occidentale
http://sciencepress.mnhn.fr/fr/periodiques/geodiversitas/30/2/variation-de-l-histologie-osseuse-chez-les-sireniens-de-l-eocene-moyen-d-europe-occidentale


254 GEODIVERSITAS • 2018 • 40 (11) 

Astibia H. et al.

busquets p., ÁlvArez g., solé de portA n. & urquiolA m. m. 
1994. — Low sedimentation rate aphotic shelves with Dendro-
phyllia and sponges – Bartonian of the easternmost sector of the 
Ebro Basin. Courier Forschungsinstitut Senckenberg 172: 265-273.

cAlzAdA s. & AstibiA h. 1996. — Sobre Plicatula pamplonensis Carez: 
revisión. Bulletin de la Société d’Histoire naturelle de Toulouse 132: 
65-69. http://gallica.bnf.fr/ark:/12148/bpt6k6556443s/f67.item

cArez l. 1881. — Étude des Terrains crétacés et tertiaires du nord de 
l’Espagne. F. Savy, Paris, 327 p. http://gallica.bnf.fr/ark:/12148/
bpt6k9754171j

cArrAsco J. f. 1994. — El género Spondylus en el Eoceno del 
Noroeste de la Península Ibérica. Scripta Musei Geologici Semi-
narii Barcinonensis 226: 3-24.

cArter J. g., AltAbA c. r., Anderson l. c., ArAuJo r., biA-
kov A. s., bogAn A. e., cAmpbell d. c., cAmpbell m., 
chen J.-h., cope J. c. w., delvene g., diJkstrA h. h., fAng 
z.-J., gArdner r. n., gAvrilovA v. A., gonchArovA i. A., 
hArries p. J., hArtmAn J. h., hAutmAnn m., hoeh w. r., 
koppkA J., hylleberg J., JiAng b.-y., Johnston p., kirken-
dAle l., kleemAn k., kŘíž, J., mAchAdo d., mAlchus n., 
mÁrquez-AliAgA A., mAsse p., mcroberts c. A., middel-
fArt p. u., mitchell s., nevesskAJA l. A., Özer s., poJetA 
J. Jr, polubotko i. v., pons J. m., popov s., sÁnchez t., 
sArtori A. f., scott r. w., sey i. i., signorelli J. h., silAn-
tiev v. v., skelton p. w., steuber t., wAterhouse J. b., 
wingArd g. l. & yAncey t. 2011. — A synoptical classifica-
tion of the Bivalvia (Mollusca). Paleontological Contributions 4: 
1-47. https://doi.org/10.17161/PC.1808.8287

cArter J. g., hArries p. J., mAlchus n., sArtori A. f., Anderson 
l. c., bieler r., bogAn A. e., coAn e. v., cope J. c. w., crAgg 
s. m., gArcíA-mArch J. r., hylleberg J., kelley p., kleemAnn 
k., kŘíž J., mcroberts c., mikkelsen p. m., poJetA J. Jr, tëm-
kin i., yAncey t. & zieritz A. 2012. — Part N, Revised, Volume 
1, Chapter 31: Illustrated Glossary of the Bivalvia. Treatise Online 
48: 1-209. https://doi.org/10.17161/to.v0i0.4322

cAscellA A. & dinArès-turell J. 2009. — Integrated calcareous 
nannofossil biostratigraphy and magnetostratigraphy from the 
uppermost marine Eocene deposits of the southeastern Pyrenean 
foreland basin: evidences for marine Priabonian deposition. Geolog-
ica Acta 7 (1-2): 281-296. https://doi.org/10.1344/105.000000282

cAze b., merle d., le meur m., pAcAud J.-m., ledon d. & sAint 
mArtin J.-p. 2011. — Taxonomic implications of the residual 
colour patterns of ampullinid gastropods and their contribution 
to the discrimination from naticids. Acta Palaeontologica Polonica 
56 (2): 329-347. https://doi.org/10.4202/app.2009.0084

cAze b., merle d., sAint mArtin J.-p. & pAcAud J.-m. 2012. — 
Les mollusques éocènes se dévoilent sous ultraviolets. Fossiles, 
Revue française de Paléontologie, hors série 3: 15-56.

chArbonnier s., vAnnier J., gAillArd c., bourseAu J. p. & 
hAntzpergue p. 2007. — The La Voulte Lagerstätte (Callovian): 
Evidence for a deep water setting from sponge and crinoids com-
munities. Palaeogeography, Palaeoclimatology, Palaeoecology 250: 
216-236. https://doi.org/10.1016/j.palaeo.2007.03.013

children J. g. 1823. — Lamarck’s Genera of Shells. The Quar-
terly Journal of Science, Literature and the Arts 15: 23-52. https://
biodiversitylibrary.org/page/14497324

colgAn d. J., ponder A. w., beechAm e. & mAcArAnAs J. 
2007. — Molecular phylogenetics of Caenogastropoda (Gas-
tropoda: Mollusca). Molecular Phylogenetics and Evolution 42: 
717-737. https://doi.org/10.1016/j.ympev.2006.10.009

cossmAnn m. 1888. — Catalogue illustré des coquilles fossiles de 
l’Éocène des environs de Paris faisant suite aux travaux paléon-
tologiques de G.-P. Deshayes. 3. Annales de la Société royale 
malacologique de Belgique 23: 3-324. https://biodiversitylibrary.
org/page/5609412

cossmAnn m. 1898a. — Estudio de algunos moluscos eocenos 
del Pirineo catalán. Boletín de la Comisión del Mapa Geológico 
de España, Segunda Serie, 3: 167-198.

cossmAnn m. 1898b. — Mollusques éocèniques de la Loire-Infé-
rieure. Bulletin de la Société des Sciences naturelles de l’Ouest de la 
France 8 (1): 1-55. https://biodiversitylibrary.org/page/5863274

cossmAnn m. 1903. — Essais de Paléoconchologie comparée. 5ème 
livraison. L’auteur & Rudeval, Paris, 215 p., 9 pls, 16 text-figs. 
https://biodiversitylibrary.org/page/36704039

cossmAnn m. 1906. — Estudio de algunos moluscos eocénicos 
del Pirineo catalán. Boletín de la Comisión del Mapa Geológico de 
España, Segunda Serie, 28: 135-141.

cossmAnn m. 1921. — Synopsis illustré des mollusques de l’Éocène 
et de l’Oligocène de Aquitaine. Mémoires de la Société géologique 
de France, Paléontologie 55: 1-220. https://biodiversitylibrary.
org/page/42336873

cossmAnn m. 1923. — Description des Mollusques, in o’gormAn 
G. (ed.), Le gisement cuisien de Gan (Basses-Pyrénées). Cossmann 
M., Pau, 188 p.

cossmAnn m. & pissArro g. 1900. — Faune éocénique du Cotentin 
(Mollusques). 1e article. Bulletin de la Société géologique de Nor-
mandie 19: 19-75. https://biodiversitylibrary.org/page/44767828

cossmAnn m. & pissArro g. 1906. — Iconographie complète des 
coquilles fossiles de l’Éocène des environs de Paris. Tome 1. Hermann, 
Paris, pls 29-45. https://doi.org/10.5962/bhl.title.52315

cossmAnn m. & pissArro g. 1907. — Iconographie complète des 
coquilles fossiles de l’Éocène des environs de Paris. Tome 2. Hermann, 
Paris, pls 1-9. https://doi.org/10.5962/bhl.title.52315

cossmAnn m. & pissArro g. 1910. — Iconographie complète des 
coquilles fossiles de l’Éocène des environs de Paris. Tome 2. Hermann, 
Paris, pls 10-25. https://doi.org/10.5962/bhl.title.52315

cossmAnn m. & pissArro g. 1911. — Iconographie complète des 
coquilles fossiles de l’Éocène des environs de Paris. Tome 2. Hermann, 
Paris, pls 26-45. https://doi.org/10.5962/bhl.title.52315

costA e., gArcés m., lópez-blAnco m., serrA-kiel J., ber-
nAolA g., cAbrerA l. & beAmud e. 2013. — The Bartonian-
Priabonian marine record of the eastern South Pyrenean Foreland 
Basin (NE Spain): A new calibration of the larger foraminifers 
and calcareous nannofossil biozonation. Geologica Acta 11 (2): 
177-193. https://doi.org/10.1344/105.000001779

courville p., pAcAud J.-m., merle d. & lebrun p. 2012. — Le 
Lutétian de Damery (Marne, France) : Géologie, environnements, 
associations de bivalves et gastéropodes. Fossiles, Revue française 
de Paléontologie, hors-série 3: 57-71.

cunhA r. l., grAnde c. & zArdoyA r. 2009. — Neogastropod 
phylogenetic relationships based on entire mitochondrial genomes. 
BMC Evolutionary Biology 9: 210. https:/doi.org/10.1186/1471-
2148-9-210

cuvillier J. 1933. — Nouvelle contribution à la paléontologie du 
nummulitique égyptien. Mémoires de l’Institut d’Égypte 22: 1-76.

de renzi m. 1971. — Las faunas de moluscos fósiles del Eoceno inferior 
del Prepirineo de Lérida. PhD thesis, Universitat de Barcelona, 502 p.

de renzi m. 1996. — La influencia de los factores tafonómicos 
y paleoecológicos en la distribución de los moluscos en el área  
tipo del Ilerdiense (Conca de Tremp, Cataluña, España). Revista 
Española de Paleontología, no. extraordinario: 204-214.

dickson J. A. d. 1965. — A modified technique for carbonates in 
thin section. Nature 205: 587. https://doi.org/10.1038/205587a0

doncieux l. 1911. — Catalogue descriptif des fossiles nummuli-
tiques de l’Aude et de l’Hérault. Deuxième partie (fascicule II). 
Corbières septentrionales. Annales de l’Université de Lyon, série I, 
Sciences, Médecine 30: 1-199. https://biodiversitylibrary.org/
page/48166897

dominici s. & kowAlke t. 2007. — Depositional dynamics and 
the record of ecosystem stability: early Eocene coastal communi-
ties in the Pyrenean foreland, Spain. Palaios 22: 268-284. https://
doi.org/10.2110/palo.2005.p05-022r

dominici s. & kowAlke t. 2014. — Early Eocene Cerithioidean 
gastropods of mangrove-fringed coasts (South-central Pyrenees, 
Spain). Bollettino della Società Paleontologica Italiana 53 (3): 
137-162.

http://gallica.bnf.fr/ark:/12148/bpt6k6556443s/f67.item
http://gallica.bnf.fr/ark:/12148/bpt6k9754171j
http://gallica.bnf.fr/ark:/12148/bpt6k9754171j
https://doi.org/10.17161/PC.1808.8287
https://doi.org/10.17161/to.v0i0.4322
https://doi.org/10.1344/105.000000282
https://doi.org/10.4202/app.2009.0084
https://doi.org/10.1016/j.palaeo.2007.03.013
https://biodiversitylibrary.org/page/14497324
https://biodiversitylibrary.org/page/14497324
https://doi.org/10.1016/j.ympev.2006.10.009
https://biodiversitylibrary.org/page/5609412
https://biodiversitylibrary.org/page/5609412
hemerotecadigital.bne.es/issue.vm?id=0026251865
hemerotecadigital.bne.es/issue.vm?id=0026251865
https://biodiversitylibrary.org/page/5863274
https://biodiversitylibrary.org/page/36704039
http://hemerotecadigital.bne.es/issue.vm?id=0026255459
http://hemerotecadigital.bne.es/issue.vm?id=0026255459
https://biodiversitylibrary.org/page/42336873
https://biodiversitylibrary.org/page/42336873
https://biodiversitylibrary.org/page/44767828
https://doi.org/10.5962/bhl.title.52315
https://doi.org/10.5962/bhl.title.52315
https://doi.org/10.1344/105.000001779
https:/doi.org/10.1186/1471-2148-9-210
https:/doi.org/10.1186/1471-2148-9-210
http://www.sepaleontologia.es/revista/anteriores/REP%20Extra%201996/18.%20Renzi.pdf
http://www.sepaleontologia.es/revista/anteriores/REP%20Extra%201996/18.%20Renzi.pdf
https://doi.org/10.1038/205587a0
https://biodiversitylibrary.org/page/48166897
https://biodiversitylibrary.org/page/48166897
https://doi.org/10.2110/palo.2005.p05-022r
https://doi.org/10.2110/palo.2005.p05-022r
http://paleoitalia.org/archives/bollettino-spi/80/vol-53-3-2014/


255 

Gastropods and bivalves from the Pamplona Basin (Eocene)

GEODIVERSITAS • 2018 • 40 (11)

fAbiAni r. 1915. — Monografia sui terreni terziari del Veneto. Parte 
1: Il Paleogene del Veneto. Memorie dell’Istituto Geologico della R. 
Università di Padova 3 (XVI): 1-336. https://archive.org/details/
memoriedellistit3191univ 

fArrés f. 1961. — Enumeración de las especies halladas en el 
Eoceno de la Comarca de Vich. Ausa 4 (36): 44-69.

fArrés f. & stAid-stAAdt J. l. 1964. — Las correlaciones faciales 
del Lediense y su fauna de moluscos en la comarca de Vich. Ausa 
5 (48-49): 41-78.

fernÁndez lópez s. r. 2000. — Temas de Tafonomía. Departamento 
de Paleontología, Universidad Complutense de Madrid, 167 p. 

frAuscher k. f. 1886. — Das Unter-Eocän der Nordalpen und seine 
Fauna. I. Theil. Lamellibranchiata. Denkschriften der Kaiserlichen 
Akademie der Wissenschaften / Mathematisch-Naturwissenschaftliche 
Classe 51: 37-270. https://biodiversitylibrary.org/page/27914169

glibert m. 1963. — Les Mesogastropoda fossiles du Cénozoïque 
étranger des collections de l’Institut royal des Sciences Naturelles de 
Belgique. Deuxième partie: Fossaridae à Ficidae (inclus). Mémoires 
de l’Institut royal des Sciences naturelles de Belgique 2: 1-154.

goldfuss g. A. 1836. — Petrefacta Germaniae. Part 2 (5). Artz & 
Comp., Düsseldorf: 47-121.

gómez-berning m., kÖhler f. & glAubrecht m. 2012. — 
Catalogue of the nominal taxa of Mesoamerican Pachychilidae 
(Mollusca: Caenogastropoda). Zootaxa 3381: 1-44.

hArAsewych m. g. 2002. — Pleurotomarioidean Gastropods, in 
southwArd A. J., tyler p. A., young c. m. & fuimAn L. A. 
(eds), Molluscan radiation – lesser known branches. Advances in 
Marine Biology 42: 237-294.

hAnsen t. A. 1988. — Early radiation of marine molluscs and the 
long term effects of the Cretaceous-Tertiary extinction. Paleobiol-
ogy 14 (1): 37-51. https://doi.org/10.1017/S0094837300011787

hArzhAuser m. 2004. — Oligocene Gastropod Faunas of the East-
ern Mediterranean (Mesohellenic Trough/Greece and Esfahan-
Sirjan Basin/Central Iran). Courier Forschungsinstitut Senckenberg 
248: 93-181.

herrmAnnsen A. n. 1846. — Indicis generum malacozoorum 
primordia. Nomina subgenerum, generum, familiarum, tribum, 
ordinbum, classium; adjectis auctoribus, temporibus, locis system-
aticus atquae literariis, etymis, synonymis. Vol. 1. Fischer, Cassellis 
[Kassel], i-xxvii + 1-232. https://doi.org/10.5962/bhl.title.10147

huyghe d., merle d., lArtAud f., cheype e. & emmAnuel l. 
2012. — Middle Lutetian climate in the Paris Basin: implica-
tions for the hotspot of biodiversity. Facies 58: 587-604. https://
doi.org/10.1007/s10347-012-0307-3

JAcquot m. e. 1864. — Description géologique des falaises de 
Biarritz, Bidart, Guétary et Saint-Jean-de-Luz. Actes de la Société 
linnéenne de Bordeaux, 3ème série, 5: 1-58. https://biodiversityli-
brary.org/page/34075870

kAse t. 1990. — Research report on ecology of a living fossil of extinct 
naticids, Globularia fluctuata (Sowerby) (Gastropoda, Mollusca) 
in Palawan, the Philippines-II. Journal of Geography 99: 398-401 
(in Japanese). https://doi.org/10.5026/jgeography.99.4_398

kAse t. & ishikAwA m. 2003a. — Mystery of naticid predation history 
solved: Evidence from a “living fossil” species. Geology 31: 403-
406. https://doi.org/10.1130/0091-7613(2003)031<0403:MON
PHS>2.0.CO;2

kAse t. & ishikAwA m. 2003b. — Mystery of naticid predation 
history solved: Evidence from a “living fossil” species: Com-
ment and Reply: Comment. Geology 31 (1): e35. https://doi.
org/10.1130/0091-7613-31.1.e34

kennedy w. J., morris n. J. & tAylor J. d. 1970. — The shell 
structure, mineralogy and relationships of the Chamacea (Bivalvia). 
Palaeontology 13 (3): 379-413. https://www.biodiversitylibrary.
org/page/50090057

kilburn r. n. 1985. — The family Epitoniidae (Mollusca: Gas-
tropoda) in southern Africa and Mozambique. Annals of the 
Natal Museum 27 (1): 239-337. https://hdl.handle.net/10520/
AJA03040798_442

lAmArck J.-b. 1804a. — Mémoire sur les fossiles des environs de 
Paris (suite 2). Annales du Muséum d’Histoire naturelle 3: 163-
170 (https://biodiversitylibrary.org/page/14762943); 266-274 
(https://biodiversitylibrary.org/page/14763056); 343-352 (https://
biodiversitylibrary.org/page/14763149); 436-441 (https://biodi-
versitylibrary.org/page/14763256).

lAmArck J.-b. 1804b. — Mémoire sur les fossiles des environs de 
Paris (suite 3). Annales du Muséum d’Histoire naturelle 4: 46-55 
(https://biodiversitylibrary.org/page/14763388); 105-115 (https://
biodiversitylibrary.org/page/14763461); 212-222 (https://biodi-
versitylibrary.org/page/14763580); 289-298 (https://biodiversityli-
brary.org/page/14763665); 429-436 (https://biodiversitylibrary.
org/page/14763823).

lAmArck J.-b. 1806. — Mémoire sur les fossiles des environs de 
Paris (suite 7). Annales du Muséum d’Histoire naturelle 8: 77-79, 
pls 8-10 (https://biodiversitylibrary.org/page/14758121); 156-
166 (https://biodiversitylibrary.org/page/14758222); 347-355, 
pls 11-14 (https://biodiversitylibrary.org/page/14758437); 461-
469 (https://biodiversitylibrary.org/page/14758575).

le renArd J. & pAcAud J.-m. 1995. — Révision des mollusques 
paléogènes du Bassin de Paris. II – Liste des références primaires 
des espèces. Cossmanniana 3 (3): 65-132. 

lozouet p. 1997. — Le domaine atlantique européen au Céno zoïque 
moyen : diversité et évolution. PhD thesis, Muséum national 
d’Histoire naturelle, Paris, 309 p.

lozouet p. 2014. — Temporal and latitudinal trends in the bio-
diversity of European Atlantic Cenozoic gastropod (Mollusca) 
faunas. A base for the history of biogeographic provinces. Carnets 
de Géologie 14 (14): 273-314. https://doi.org/10.4267/2042/54150

lozouet p. & mAestrAti p. 1986. — Le Strombus granulatus 
Swainson, 1822: une relique mésogéenne. Xenophora 31: 11-15.

lozouet p. & mAestrAti p. 2012. — Le contenu paléontologique. 
Mollusques, in lozouet P. (ed.), Stratotype Stampien. Muséum 
national d’Histoire naturelle, Paris ; Biotope, Mèze: 239-297 
(Patrimoine géologique ; 4).

mArquinA f. 1908. — Descripción geológica de Navarra, in cArrerAs 
y cAndi F. (ed.), Geografía general del País Vasco-Navarro. Altadill J., 
Provincia de Navarra: 215-287 (editorial Alberto Martín, Barcelona). 

mArtinius A. w. 1995. — Macrofauna associations and formation 
of shell concentrations in the Early Roda Formation (southern 
Pyrenees, Spain). Scripta Geologica 108: 1-39.

mArwick J. 1957. — Generic revision of the Turritellidae. Journal 
of Molluscan Studies 32 (4): 144-166. https://doi.org/10.1093/
oxfordjournals.mollus.a064769

mAthelin J. c. & sztràkos k. 1993. — L’Éocène de Biarritz 
(Pyrénées-Atlantiques, SW France). Stratigraphie et paléoenvi-
ronnement. Monographie des foraminifères. Cahiers de Micro-
paléontologie, nouvelle série 8 (1-2): 5-85.

mÁrquez b. & Jiménez m. 2002. — Moluscos asociados a las raíces 
sumergidas del mangle rojo Rhizophora mangle, en el Golfo de 
Santa Fe, Estado de Sucre, Venezuela. Revista de Biología Tropical 
50 (3-4): 1101-1112.

mAyer-eymAr c. 1876. — Systematisches Verzeichniss der Versteinerun-
gen des Parisian der Umgegend von Einsiedeln. Caesar Schmidt, 
Zürich, 100 p., 4 pls (also published as Mayer C., 1877. Paläon-
tologie der Pariserstufe von Einsiedeln und seinen Umgebungen. 
Beiträge zur Geologischen Karte der Schweiz 14 [2b]: 1-100, pls 1-4.

mendizÁbAl J. & ruiz de gAonA m. 1949. — Mapa Geológico de 
España E. 1:50.000. Instituto Geológico y Minero de España. 
Madrid, Hoja geológica num. 141 (Pamplona).

merle d. 1994. — Révision des Muricidae de l’Éocène de la Falaise 
de la Côte des Basques à Biarritz (Pyrénées-Atlantiques, France). 
Apex, Société belge de Malacologie 9 (2-3): 83-91. https://biodi-
versitylibrary.org/page/42257731

merle d. 2008. — Le Lutétien: un exemple de point-chaud de la 
paléobiodiversité, in merle D. (ed.), Stratotype Lutétien. Muséum 
national d’Histoire naturelle, Paris ; Biotope, Mèze ; BRGM, 
Orléans: 174-181 (Patrimoine géologique ; 1).

https://archive.org/details/memoriedellistit3191univ 
https://archive.org/details/memoriedellistit3191univ 
https://www.raco.cat/index.php/Ausa/article/view/39018/38880
https://www.raco.cat/index.php/Ausa/article/view/38909/38774
https://www.raco.cat/index.php/Ausa/article/view/38909/38774
https://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2toKOxaDbAhWMbxQKHRfyBHkQFggoMAA&url=http%3A%2F%2Fwebs.ucm.es%2Fcentros%2Fcont%2Fdescargas%2Fdocumento11157.pdf&usg=AOvVaw3ZZBK1tgYA8pmE9zPTuCSQ
https://www.google.fr/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&uact=8&ved=0ahUKEwj2toKOxaDbAhWMbxQKHRfyBHkQFggoMAA&url=http%3A%2F%2Fwebs.ucm.es%2Fcentros%2Fcont%2Fdescargas%2Fdocumento11157.pdf&usg=AOvVaw3ZZBK1tgYA8pmE9zPTuCSQ
https://biodiversitylibrary.org/page/27914169
http://www.mapress.com/zootaxa/list/2012/3381.html
https://doi.org/10.1017/S0094837300011787
https://doi.org/10.5962/bhl.title.10147
https://doi.org/10.1007/s10347-012-0307-3
https://doi.org/10.1007/s10347-012-0307-3
https://biodiversitylibrary.org/page/34075870
https://biodiversitylibrary.org/page/34075870
https://doi.org/10.5026/jgeography.99.4_398
https://doi.org/10.1130/0091-7613(2003)031<0403:MONPHS>2.0.CO;2
https://doi.org/10.1130/0091-7613(2003)031<0403:MONPHS>2.0.CO;2
https://doi.org/10.1130/0091-7613-31.1.e34
https://doi.org/10.1130/0091-7613-31.1.e34
https://www.biodiversitylibrary.org/page/50090057
https://www.biodiversitylibrary.org/page/50090057
https://hdl.handle.net/10520/AJA03040798_442
https://hdl.handle.net/10520/AJA03040798_442
https://biodiversitylibrary.org/page/14762943
https://biodiversitylibrary.org/page/14763056
https://biodiversitylibrary.org/page/14763149
https://biodiversitylibrary.org/page/14763149
https://biodiversitylibrary.org/page/14763256
https://biodiversitylibrary.org/page/14763256
https://biodiversitylibrary.org/page/14763388
https://biodiversitylibrary.org/page/14763461
https://biodiversitylibrary.org/page/14763461
https://biodiversitylibrary.org/page/14763580
https://biodiversitylibrary.org/page/14763580
https://biodiversitylibrary.org/page/14763665
https://biodiversitylibrary.org/page/14763665
https://biodiversitylibrary.org/page/14763823
https://biodiversitylibrary.org/page/14763823
https://biodiversitylibrary.org/page/14758121
https://biodiversitylibrary.org/page/14758222
https://biodiversitylibrary.org/page/14758437
https://biodiversitylibrary.org/page/14758575
http://www.germc.net/wp-content/uploads/Cossmanniana_tome33_1995.pdf
https://doi.org/10.4267/2042/54150
http://sciencepress.mnhn.fr/fr/collections/patrimoine-geologique/stratotype-stampien
https://doi.org/10.1093/oxfordjournals.mollus.a064769
https://doi.org/10.1093/oxfordjournals.mollus.a064769
https://revistas.ucr.ac.cr/index.php/rbt/article/view/16717
https://revistas.ucr.ac.cr/index.php/rbt/article/view/16717
https://biodiversitylibrary.org/page/42257731
https://biodiversitylibrary.org/page/42257731
http://sciencepress.mnhn.fr/fr/collections/patrimoine-geologique/stratotype-lutetien


256 GEODIVERSITAS • 2018 • 40 (11) 

Astibia H. et al.

merle d. 2009. — Les grandes lignes de la biodiversité. Le milieu 
marin. Géochronique 109 (dossier Lutétien): 20-22.

merle d., de frAnceschi d., mAsure e., chAix c., romAn 
J., dutheil d., lApierre h., gAudAnt J., de lAppArent 
f., Jouve s., rAge J.-c., gheerbrAnt e., cArriol r.-p., 
guernet c., pAcAud J.-m. & moissette p. 2008. — Le 
contenu paléontologique du Lutétien, in merle D. (ed.), 
Stratotype Lutétien. Muséum national d’Histoire naturelle, 
Paris ; Biotope, Mèze ; BRGM, Orléans: 1-105 (Patrimoine 
géologique ; 1).

merle d., gArrigues b. & pointier J.-p. 2011. — Fossil and 
Recent Muricidae of the World. Part Muricinae. Conchbooks, 
Hackenheiù, 648 p.

merle d., pAcAud J.-m., métAis g., bArtolini A., lAshAri r. 
A., brohi i. A., solAngi s. h., mArivAux l. & welcomme 
J.-l. 2014. — Volutidae (Mollusca: Gastropoda) of the Lakhra 
Formation (Earliest Eocene, Sindh, Pakistan): systematics, 
biostratigraphy and paleobiogeography. Zootaxa 3826 (1): 101-
38. https://doi.org/10.11646/zootaxa.3826.1.3

merle d., bAut J.-p., ginsburg l., sAgne c., hervet s., cAr-
riol r.-p., vénec-peyré m.-t., blAnc-vAlleron m.-m., 
mourer-chAuviré c., ArAmbol d. & viette p. 2002. — 
Découverte d’une faune de vertébrés dans l’Oligocène inférieur 
de Vayres-sur-Essonne (bassin de Paris, France): biodiversité et 
paléoenvironnement. Comptes Rendus Palevol 1: 111-116. https://
doi.org/10.1016/S1631-0683(02)00018-0

morton A. 2018. — A Collection of Eocene and Oligocene Fossils. 
http://www.dmap.co.uk/fossils

newton r. b. 1912. — On the lower tertiary Mollusca of the Fayum 
province of Egypt. 4: Observations on some new, or otherwise 
interesting, Gastropoda from the Eocene deposits of the Fayum. 
Proceedings of the Malacological Society of London 10 (2): 74-82.  
https://biodiversitylibrary.org/page/15237033

oms o., dinArès-turell J. & remAchA e. 2003. — Mag-
netic stratigraphy from deep clastic turbidites: an exam-
ple from the Eocene Hecho Group (Southern Pyrenees). 
Studia Geophysica et Geodaetica 47: 275-288. https://doi.
org/10.1023/A:1023719607521

oppenheim p. 1901. — Über einige alttertiäre Faunen der Österrei-
chisch-Ungarischen Monarchie. Beiträge zur Paläontologie und 
Geologie Österreich-Ungarns und des Orients 13: 145-277. https://
biodiversitylibrary.org/page/14512832

oppenheim p. 1906. — Über einige Fossilien der Côte des Basques 
bei Biarritz. Zeitschrift der Deutschen Geologischen Gesellschaft 58: 
77-91. https://biodiversitylibrary.org/page/43914537

orbigny A. d’ 1850. — Prodrome de Paléontologie stratigraphique 
universelle des animaux mollusques et rayonnés 2. Masson, Paris, 
427 p. https://doi.org/10.5962/bhl.title.62810

pAcAud J.-m. 2004. — Révision des mollusques du Danien (Paléocène 
inférieur) du Bassin de Paris. 1. Gastropoda: Patellogastropoda 
et Vetigastropoda (pro parte). Geodiversitas 26 (4): 577-629.

pAcAud J.-m. 2007. — Nouveautés nomenclaturales et taxinom-
iques introduites par Alcide d’Orbigny dans le Prodrome (1850, 
1852) pour les espèces du Paléocène et de l’Éocène. Geodiversitas 
29 (1): 17-85.

pAcAud J.-m. 2016. — Hemiconus fallax nov. sp., une espèce nouvelle 
d’Hemiconidae (Mollusca, Gastropoda) du Cuisien (Yprésien, 
Éocène inférieur) du bassin de Paris. Fossiles, Revue française de 
Paléontologie 27: 46-48.

pAcAud J.-m. & hArzhAuser m. 2012. — Jponsia, Moniquia et 
Eginea, trois nouveaux genres de Pachychilidae (Gastropoda, 
Caenogastropoda) du Paléogène européen. Annales du Muséum 
d’Histoire naturelle de Nice 27: 105-153.

pAyros A., AstibiA h., ceArretA A., peredA-suberbiolA x., 
murelAgA x. & bAdiolA A. 2000. — The Upper Eocene South 
Pyrenean Coastal Deposits (Liédena Sandstone, Navarre): Sedi-
mentary Facies, Benthic Foraminifera and Avian Ichnology. Facies 
42: 107-132. https://doi.org/10.1007/BF02562569

pAyros A., puJAlte v., orue-etxebArriA x. & bAcetA J. i. 1997. — 
Un sistema turbidítico Bartoniense de tipo “channel-levee” en la 
Cuenca de Pamplona: implicaciones tectónicas y paleogeográficas. 
Geogaceta 22: 145-148.

piccoli g. & mocellin l. g. 1962. — Studi sulla macrofauna 
Priaboniana di Priabona (Prealpi venete). Memorie degli Istituti 
di Geololia e Mineralogia dell’Università di Padova 23: 1-120.

piccoli g. & sAvAzzi e. 1983. — Five shallow benthic mollusc 
faunas from the Upper Eocene (Baron, Priabona, Garoowe, 
Nanggulan, Takashima). Bollettino della Società Paleontologica 
Italiana 22 (1-2): 31-47.

piserA A. & busquets p. 2002. — Eocene siliceous sponges from 
the Ebro Basin (Catalonia, Spain). Les éponges siliceuses de 
l’Éocène du Bassin de l’Èbre (Catalogne, Espagne). Geobios 35 
(3): 321-346. https://doi.org/10.1016/S0016-6995(02)00030-X

piserA A., cAchão m. & mArques de silvA c. 2006. — Sili-
ceous sponge spicules from the Miocene Mem Moniz marls 
(Portugal) and their environmental significance. Rivista Itali-
ana di Paleontologia e Stratigrafia 112 (2): 287-299. https://doi.
org/10.13130/2039-4942/6342

plAziAt J. c. 1970. — Huîtres de mangrove et pleuplements lit-
toraux de l’Éocéne inférieur des Corbières. Les mangroves fos-
siles comme élément déterminant de Paléoécologie littorale et de 
paléoclimatologie. Geobios 3 (1): 7-27. https://doi.org/10.1016/
S0016-6995(70)80003-1

plAziAt J. c. 1981. — Late Cretaceous to Late Eocene paleo-
geographic evolution of southwest Europe. Palaeogeography, 
Palaeoclimatolology, Palaeoecology 36: 263-320. https://doi.
org/10.1016/0031-0182(81)90110-3

poutiers J. e. 1998. — Bivalves, Gastropods, in cArpenter K. E. & 
niem V. H. (eds), FAO Species Identification Guide for Fisher-
ies Purposes. The Living Marine Resources of the Western Central 
Pacific.Vol. 1: Seaweeds, Corals, Bivalves and Gastropods. Food and 
Agriculture Organization of the United Nations, Rome: 123-686.

puigdefÁbregAs c. 1975. — La sedimentación molásica en la cuenca 
de Jaca. Pirineos 104: 1-188. http://hdl.handle.net/10261/82989

puJAlte v., bAcetA J. i. & pAyros A. 2002. — Tertiary: Western 
Pyrenees and Basque-Cantabrian region, in gibbons w. & 
moreno T. (eds), The Geology of Spain. Geological Society of 
London, London: 293-301.

quAggiotto e. & mellini A. 2008. — Catalogo Aggiornato Dei 
Molluschi Fossili Eocenici Di San Giovanni Ilarione (Verona-
Italia Settentrionale) Prima Parte: Mollusca, Gastropoda. Studi 
e Ricerche 15: 41-58.

rAincourt J. b. c. p. de & munier-chAlmAs e. p. A. 1863. — 
Description d’un nouveau genre et de nouvelles espèces fossiles 
du bassin de Paris et de Biarritz. Journal de Conchyliologie 11: 
194-203. https://biodiversitylibrary.org/page/15338244

renemA w., bellwood d. r., brAgA J. c., bromfield k., hAll 
r., Johnson k. g., lunt p., meyer c. p., mcmonAgle l., 
morley r. J., o’deA A., todd J. A., wesselingh f. p., wilson 
m. e. J. & pAndolfi J. m. 2008. — Hopping hotspots: Global 
shifts in marine biodiversity. Science 321: 654-658. https://doi.
org/10.1126/science.1155674

rouAult A. 1850. — Description des fossiles du terrain éocène 
des environs de Pau. Mémoires de la Société géologique de France 
2 (3): 457-502. https://biodiversitylibrary.org/page/42336299

ruiz de gAonA m. 1947. — El Bartoniense de la Cuenca de Pam-
plona. Notas y Comunicaciones del Instituto Geológico y Minero 
de España 17: 155-165.

ruiz de gAonA m. & colom g. 1950. — Estudios sobre las 
sinecias de los foraminíferos eocénicos de la vertiente meridional 
del Pirineo (Cataluña-Vizcaya). Estudios Geológicos 12: 293-434.

sAnders m. t., merle d. & villier l. 2015. — The molluscs of 
the “Falunière” of Grignon (Middle Lutetian, Yvelines, France): 
quantification of lithification bias and its impact on the biodiver-
sity assessment of the Middle Eocene of Western Europe. Geo-
diversitas 37 (3): 345-365. https://doi.org/10.5252/g2015n3a4 

http://sciencepress.mnhn.fr/fr/collections/patrimoine-geologique/stratotype-lutetien
http://sciencepress.mnhn.fr/fr/collections/patrimoine-geologique/stratotype-lutetien
https://doi.org/10.11646/zootaxa.3826.1.3
https://doi.org/10.1016/S1631-0683(02)00018-0
https://doi.org/10.1016/S1631-0683(02)00018-0
http://www.dmap.co.uk/fossils
https://biodiversitylibrary.org/page/15237033
https://doi.org/10.1023/A:1023719607521
https://doi.org/10.1023/A:1023719607521
https://biodiversitylibrary.org/page/14512832
https://biodiversitylibrary.org/page/14512832
https://biodiversitylibrary.org/page/43914537
https://doi.org/10.5962/bhl.title.62810
http://sciencepress.mnhn.fr/en/periodiques/geodiversitas/26/4/revision-des-mollusques-du-danien-paleocene-inferieur-du-bassin-de-paris-1-gastropoda-patellogastropoda-et-vetigastropoda-pro-parte
http://sciencepress.mnhn.fr/en/periodiques/geodiversitas/29/1/nouveautes-nomenclaturales-et-taxinomiques-introduites-par-alcide-d-orbigny-dans-le-prodrome-1850-1852-pour-les-especes-du-paleocene-et-de-l-eocene
http://sciencepress.mnhn.fr/en/periodiques/geodiversitas/29/1/nouveautes-nomenclaturales-et-taxinomiques-introduites-par-alcide-d-orbigny-dans-le-prodrome-1850-1852-pour-les-especes-du-paleocene-et-de-l-eocene
https://doi.org/10.1007/BF02562569
http://www.sociedadgeologica.es/archivos/geogacetas/Geo22/Art37.pdf
https://doi.org/10.1016/S0016-6995(02)00030-X
https://doi.org/10.13130/2039-4942/6342
https://doi.org/10.13130/2039-4942/6342
https://doi.org/10.1016/S0016-6995(70)80003-1
https://doi.org/10.1016/S0016-6995(70)80003-1
https://doi.org/10.1016/0031-0182(81)90110-3
https://doi.org/10.1016/0031-0182(81)90110-3
http://www.fao.org/docrep/009/w7191e/w7191e00.htm
http://www.fao.org/docrep/009/w7191e/w7191e00.htm
http://hdl.handle.net/10261/82989
https://pubs.geoscienceworld.org/books/book/1527/the-geology-of-spain
https://pubs.geoscienceworld.org/books/book/1527/the-geology-of-spain
https://biodiversitylibrary.org/page/15338244
https://doi.org/10.1126/science.1155674
https://doi.org/10.1126/science.1155674
https://biodiversitylibrary.org/page/42336299
http://sciencepress.mnhn.fr/fr/periodiques/geodiversitas/37/3/les-mollusques-de-la-faluniere-de-grignon-lutetien-moyen-yvelines-france-quantification-du-biais-d-induration-et-son-impact-sur-l-evaluation-de-la-biodiversite-l-eocene-moyen-en-europe-occidentale
http://sciencepress.mnhn.fr/fr/periodiques/geodiversitas/37/3/les-mollusques-de-la-faluniere-de-grignon-lutetien-moyen-yvelines-france-quantification-du-biais-d-induration-et-son-impact-sur-l-evaluation-de-la-biodiversite-l-eocene-moyen-en-europe-occidentale
https://doi.org/10.5252/g2015n3a4


257 

Gastropods and bivalves from the Pamplona Basin (Eocene)

GEODIVERSITAS • 2018 • 40 (11)

schmidt f. c. 1818. — Versuch über die beste Einrichtung zur 
Aufstellung: Behandlung und Aufbewahrung der verschiedenen 
Naturkörper und gegenstände der Kunst, vorzüglich der Conchylien-
Sammlungen, nebst kurzer Beurtheilung der conchyliologischen 
Systeme und Schriften und einer tabellarischen Zusammenstellung 
und Vergleichung der sechs besten und neuesten conchyliologischen 
Systeme. Gotha, J. Perth, 252 p.

schnetler k. i. & heilmAnn-clAusen c. 2011. — The mol-
luscan fauna of the Eocene Lillebælt Clay, Denmark. Cainozoic 
Research 8 (1-2): 41-99.

sowerby J. 1812-1815. — The Mineral Conchology of Great Britain; 
or Coloured Figures and Descriptions of those Remains of Testaceous 
Animals or Shells, which have been Preserved at Various Times and 
Depths in the Earth. London, privately published. https://doi.
org/10.5962/bhl.title.14408

squires r. l. & sAul l. r. 2007. — Paleocene pareorine turritellid 
gastropods from the Pacific slope of North America. The Nautilus 
121 (1): 1-16. https://biodiversitylibrary.org/page/35185498

stAnley s. m. 1970. — Relation of shell form to live habits in 
Bivalvia (Mollusca). Geological Society of America, Memoir 125: 
1-296. https://doi.org/10.1130/MEM125

sztràkos k., gély J. p., blondeAu A. & müller c. 1998. — 
L’Éocène du Bassin sud-aquitain: lithostratigraphie, biostratig-
raphie et analyse séquentielle. Géologie de la France 4: 57-105.

sztràkos k., blondeAu A. & hottinger l. 2010. — Lithostratig-
raphie et biostratigraphie des formations marines paléocènes et 
éocènes nord-aquitaines (bassins de Contis et Parentis, seuil et 
plate-forme nord-aquitains). Foraminiféres éocènes du bassin 
d’Aquitaine. Géologie de la France 2: 3-52.

tAbAchnik k. r. 1991. — Adaptation of the hexactinellid sponges 
to deep-sea life, in reitner J. & keupp H. (eds), Fossil and 
Recent Sponges. Springer Verlag, Berlin: 378-386. https://doi.
org/10.1130/MEM125

tAberner c., mArshAll J. d., hendry J. p., pierre c. & thirlwAll 
m. f. 2002. — Celestite formation, bacterial sulphate reduction 
and carbonate cementation of Eocene reefs and basinal sediments 
(Igualada, NE Spain). Sedimentology 49: 171-190. https://doi.
org/10.1046/j.1365-3091.2002.00437.x

tAberner c., dinArès-turell J., giménez J. & docherty c. 
1999. — Basin infill architecture and evolution from magnetostrati-
graphic cross-basin correlations in the southeastern Pyrenean foreland 
basin. Geological Society of America Bulletin 111 (8): 1155-1174. 
https://doi.org/10.1130/0016-7606(1999)111<1155:BIAAEF>2.3.CO;2

tAylor p. d. & wilson m. A. 2003. — Palaeoecology and evolu-
tion of marine hard substrate communities. Earth-Science Reviews 
62: 1-103. https://doi.org/10.1016/S0012-8252(02)00131-9

tomAšových A., dominici s., zuschin m. & merle d. 2014. — 
Onshore-offshore gradient in metacommunity turnover emerges 
only over macroevolutionary time-scales. Proceedings of the Royal 
Society B 281: 20141533. https://doi.org/10.1098/rspb.2014.1533

tournouër r. 1864. — Sur quelques affleurements des marnes 
nummulitiques de Bos-d’Arros dans la vallée de Pau. Actes de la 
Société linnéenne de Bordeaux, 3ème série, 25: 243-251. https://
biodiversitylibrary.org/page/34076066

tournouër r. 1874. — Sur les Échinides nummulitiques de Biar-
ritz et rectifications de noms spécifiques. Bulletin de la Société 
géologique de France, 3ème série, 2: 527-528. https://biodiversi-
tylibrary.org/page/55165330

trAcey s. & todd J. A. 1996. — Nomenclatural changes for some 
Bracklesham Group gastropods. Tertiary Research 16 (1-4): 41-54.

tucker m. e. 1994. — Sedimentary Petrology: an Introduction to the 
Origin of Sedimentary Rocks. Second Edition. Blackwell Scientific 
Publications, Oxford, 260 p. 

tucker m. e. & wright v. p. 1992. — Carbonate Sedimentology. 
Blackwell Scientific Publications, Oxford, 482 p. https://doi.
org/10.1002/9781444314175

vAcelet J. 1988. — Indications de profondeur données par les 
Spongiaires dans les milieux benthiques actuels. Géologie médi-
terranéenne 15: 13-26.

villAltA comellA f. de 1956. — Los moluscos fósiles del Eoceno pire-
naico. Boletín del Instituto Geológico y Minero de España 67: 119-235.

vinAssA de regny p. 1897. — Synopsis dei molluschi terziari 
delle Alpi venete. (Continuazione e fine della parte prima): IV. 
Zovencedo (Tufo glauconitico). V. Monte Pulli, Caldiero, Bolca 
ecc. Parte seconda: Strati oligocenici. VI. Via degli Orti, Valle 
Orgagna, Priabona ecc. Palaeontographia Italica 3: 145-200. 
https://biodiversitylibrary.org/page/34294665

wAller t. r. 2012. — Morphology, phylogeny, and sistematic 
revision of genera in the Dimyidae (Mollusca, Bivalvia, Pterio-
morphia). Journal of Paleontology 86 (5): 829-851. https://doi.
org/10.1666/12-004.1

wozny e. 1977. — Pelecypods from the Upper Eocene of East 
Poland. Acta Palaeontologica Polonica 22 (1): 93-118. 

zAvArei A. 1973. — Monographie des Spondylidae (Lamellibranches) 
actuels et fossiles. PhD thesis, Université de Paris-Sud, Centre 
d’Orsay, Série A (1147), 233 p.

Submitted on 2 November 2017; 
accepted on 1 February 2018; 

published on 7 June 2018.

http://ingemann.schnetler.dk/pdf%20files/Schnetler%20&%20Heilmann-Clausen%202011.pdf
http://ingemann.schnetler.dk/pdf%20files/Schnetler%20&%20Heilmann-Clausen%202011.pdf
https://doi.org/10.5962/bhl.title.14408
https://doi.org/10.5962/bhl.title.14408
https://biodiversitylibrary.org/page/35185498
https://doi.org/10.1130/MEM125
https://doi.org/10.1046/j.1365-3091.2002.00437.x
https://doi.org/10.1046/j.1365-3091.2002.00437.x
https://doi.org/10.1130/0016-7606(1999)111<1155:BIAAEF>2.3.CO;2
https://doi.org/10.1016/S0012-8252(02)00131-9
https://doi.org/10.1098/rspb.2014.1533
https://biodiversitylibrary.org/page/34076066
https://biodiversitylibrary.org/page/34076066
https://biodiversitylibrary.org/page/55165330
https://biodiversitylibrary.org/page/55165330
https://doi.org/10.1002/9781444314175
https://doi.org/10.1002/9781444314175
https://biodiversitylibrary.org/page/34294665
https://doi.org/10.1666/12-004.1
https://doi.org/10.1666/12-004.1
http://www.app.pan.pl/article/item/app22-093.html

